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(57)Abstract: 

PURPOSE: To provide the polycrystalline thin film and 
oxide superconductor having excellent crystal 
orientability by depositing constituting particles on a 
base material while irradiating the film forming surface of 
a base material with an ion beam at a specific incident 
angle from a diagonal direction. 

CONSTITUTION: Many fine crystal grains 20 having the 
crystal structure of a cubic crystal system are joined 
and integrated to each other via crystal grain boundaries 
in the polycrystalline thin film B formed atop the planar 
base material A. The C-axes of the crystal axes of the 
respective crystal grains 20 are directed perpendicularly 
to the film forming surface of the base body A and the 
a-axes of the crystal axes of the respective crystal 
grains 20 are directed to the same direction as each 
other and are intraplanarly oriented. A target of YSZ is 
used and the upper surface of a base material holder is 
irradiated with the ion beams emitted from an ion gun at 
a 50 to 60° angle at the time of forming the 
polycrystalline thin film B. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the polycrystal thin film characterized by beginning to beat 
the constituent particle of a target by sputtering, making it deposit on a base material, and 
making the aforementioned constituent particle deposit on a base material, irradiating the ion 
beam which the ion source generated from across to the membrane formation side of a base 
material with the degree of incident angle of the range of 50 - 60 degrees in case the 
aforementioned constituent particle is made to deposit on a base material in the method of 
forming a polycrystal thin film on a base material. 

[Claim 2] In the method of beginning to beat the constituent particle of a target by sputtering, 
making deposit on a base material, and forming a polycrystal thin film on a base material While 
making the aforementioned constituent particle deposit on a base material, irradiating the ion 
beam which the ion source generated from across to the membrane formation side of a base 
material in case the aforementioned constituent particle is made to deposit on a base material 
The manufacture method of the polycrystal thin film characterized by making current density of 
the aforementioned ion beam into two or more 20microA/cm, and making ion beam voltage into 
less than [ 700V ] more than by 1 50V. 

[Claim 3] The manufacture method of the polycrystal thin film characterized by making into less 
than 25 degrees the grain-boundary inclination of the crystal grain of the polycrystal thin film 
which sets the degree of incident angle of an ion beam as the range of 55 - 60 degrees, and is 
formed on a base material in the manufacture method of a polycrystal thin film according to 
claim 1. 

[Claim 4] the oxide superconductivity characterized by using an inactive gas ion or the mixed ion 
of inert gas and oxygen gas as ion according to claim 1, 2, or 3 — the manufacture method of a 
conductor 

[Claim 5] In the manufacture method of a conductor the oxide superconductivity which begins to 
beat the constituent particle of a target by sputtering, is made to accumulate on a base material, 
forms a polycrystal thin film on a base material, and forms an oxide superconductivity layer 
subsequently to this polycrystal thin film top — Irradiating the ion beam which the ion source 
generated from across to the membrane formation side of a base material with the degree of 
incident angle of the range of 50 - 60 degrees, in case the aforementioned constituent particle is 
made to deposit on a base material, make a spatter particle deposit and a polycrystal thin film is 
formed, the oxide superconductivity characterized by forming an oxide superconductivity layer 
on this polycrystal thin film — the manufacture method of a conductor 

[Claim 6] In the manufacture method of a conductor the oxide superconductivity which begins to 
beat the constituent particle of a target by sputtering, is made to accumulate on a base material, 
forms a polycrystal thin film on a base material, and forms an oxide superconductivity layer 
subsequently to this polycrystal thin film top — While making a spatter particle deposit, 
irradiating the ion beam which the ion source generated from across to the membrane formation 
side of a base material in case the aforementioned constituent particle is made to deposit on a 
base material the oxide superconductivity characterized by forming two or more 20microA/cm 
for the current density of the aforementioned ion beam, forming a polycrystal thin film for ion 



beam voltage as less than [ 700V ] more than by 150V, and forming an oxide superconductivity 
layer on this polycrystal thin film — the manufacture method of a conductor 
[Claim 7] oxide superconductivity according to claim 5 or 6 — the oxide superconductivity 
'characterized by making into less than 25 degrees the grain-boundary inclination of the crystal 
grain of the polycrystal thin film which sets the degree of incident angle of an ion beam as the 
range of 55 - 60 degrees, and is formed on a base material in the manufacture method of a 
conductor — the manufacture method of a conductor 

[Claim 8] the oxide superconductivity characterized by growing the crystal of oxides 
superconductors epitaxially to the crystal of a polycrystal thin film in case an oxide 
superconductivity layer is formed on a polycrystal thin film according to claim 5, 6, or 7 — the 
manufacture method of a conductor 

[Claim 9] the oxide superconductivity according to claim 5, 6, 7, or 8 characterized by using an 
inactive gas ion or the mixed ion of inert gas and oxygen gas as ion — the manufacture method 
of a conductor 



[Translation done.] 
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Japan Patent Office is not responsible for any 
"damaged caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] the oxide superconductivity in which the manufacture method of a 
polycrystal thin film that crystal orientation was ready, as for this invention, and crystal 
orientation were ready - — it is related with the manufacture method of a conductor 
[0002] 

[Description of the Prior Art] Although the oxides superconductors become and discovered at 
recent years are outstanding superconductors which show the critical temperature exceeding 
liquid nitrogen temperature, in order to use this kind of oxides superconductors as a practical 
superconductor now, the trouble which should solve various exists. One of the trouble of the is a 
problem of a low in the critical current density of oxides superconductors. 
[0003] Although the problem that the critical current density of the aforementioned oxides 
superconductors is low is the cause with big an electric anisotropy existing in the crystal of 
oxides superconductors itself and especially oxides superconductors tend to pass the electrical 
and electric equipment to a shaft orientations and b shaft orientations of the crystallographic 
axis, it is known that it will be hard to pass the electrical and electric equipment to c shaft 
orientations. In order to form oxides superconductors on a base material from such a viewpoint 
and to use this as a superconductor, it is necessary to form the oxides superconductors of the 
good state of a crystal stacking tendency on a base material, to make the orientation of the a- 
axis or b-axis of the crystal of oxides superconductors carry out in the direction which is going 
to pass the electrical and electric equipment moreover, and to make the orientation of the c axis 
of oxides superconductors carry out in the direction of other. 

[0004] Various meanses have been tried in order to form the good oxide superconductivity layer 
of a crystal stacking tendency on base materials, such as a substrate metallurgy group tape, 
conventionally. As the one method, the method of forming an oxide superconductivity layer by 
the forming-membranes methods, such as sputtering, on these single crystal base materials is 
enforced using single crystal base materials, such as MgO to which oxides superconductors and 
the crystal structure were similar, or SrTi03. 

[0005] If the forming-membranes methods, such as sputtering, are performed using Above MgO 
or the single crystal base material of SrTi03, in order that the crystal of an oxide 
superconductivity layer may carry out a crystal growth based on the crystal of a single crystal 
base material, it is possible to make the crystal stacking tendency good, and it is known that the 
oxide superconductivity layer formed on these single crystal base materials will demonstrate 
hundreds of thousands - about two millions A/cm critical current density high enough. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, in order to use oxides superconductors 
as a conductor, it is necessary to form the good oxide superconductivity layer of a crystal 
stacking tendency on the base material of long pictures, such as the shape of a tape. However, 
as for the metal tape itself, if an oxide superconductivity layer is directly formed on base 
materials, such as a metal tape, since it differs from oxides superconductors greatly, the crystal 
structure cannot form the good oxide superconductivity layer of a crystal stacking tendency at 



$,11 by the polycrystalline substance, either. And a diffusion reaction arises between a metal tape 
and an oxide superconductivity layer with heat treatment performed in case an oxide 
superconductivity layer is formed, the crystal structure of an oxide superconductivity layer 
collapses, and there is a problem on which a superconductivity property deteriorates. 
[0007] Then, using a sputtering system, covering interlayers, such as MgO and SrTi03, and 
forming an oxide superconductivity layer on this interlayer on base materials, such as a metal 
tape, conventionally, is performed. However, the oxide superconductivity layer formed by the 
sputtering system on this kind of interlayer had the problem that only low critical current density 
(for example, thousands - about two 10,000 A/cm) was considerably shown rather than the oxide 
superconductivity layer formed on the single crystal base material. This is considered to be 
based on the reason for explaining below. 

[0008] the oxide superconductivity which drawing 9 formed the interlayer 2 by the sputtering 
system on the base materials 1, such as a metal tape, and formed the oxide superconductivity 
layer 3 by the sputtering system on this interlayer 2 — the cross-section structure of a 
conductor is shown In the structure shown in drawing 9 , the oxide superconductivity layer 3 is 
in a polycrystal state, and is in the state where much crystal grain 4 joined together disorderly, [f 
each of such crystal grain 4 is seen separately, although orientation of the c axis of the crystal 
of each crystal grain 4 is perpendicularly carried out to the base-material front face, an a-axis 
and a b-axis will be considered to have turned to the disorderly direction. 

[0009] Thus, if the sense of an a-axis and a b-axis becomes disorderly for every crystal grain of 
an oxide superconductivity layer, as a result of [ **** in the quantum unity of a 
superconductivity state ] being divided, in the grain boundary to which the crystal stacking 
tendency was confused, it will be thought that the fall of a superconductivity property, especially 
critical current density is caused. Moreover, it is thought that the aforementioned oxides 
superconductors will be in an a-axis and the polycrystal state which has not carried out b-axis 
orientation for the oxide superconductivity layer 3 growing so that it may have consistency into 
an interlayers 2 crystal when forming the oxide superconductivity layer 3, since the interlayer 2 
formed in the bottom of it is in an a-axis and the polycrystal state which has not carried out fa- 
axis orientation. 

[0010] By the way, the technology which forms various kinds of orientation films on the base 
material of the polycrystalline substance in addition to the applicable field of the aforementioned 
oxides superconductors is used, for example, although it is fields, such as a field of an optical 
thin film, a field of a magneto-optic disk, a field of a wiring substrate, a RF waveguide, and a high 
pass filter, a cavity resonator, also in which technology, the good polycrystal thin film of the 
stacking tendency by which membraneous quality was stabilized is formed on a base material — 
things have been technical problems That is, if quality, such as an optical thin film which will be 
formed on it if the crystal stacking tendency of a polycrystal thin film is good, a magnetic thin 
film, and a thin film for wiring, improves and the direct formation of the good optical thin film of a 
crystal stacking tendency, a magnetic thin film, the thin film for wiring, etc. can be further carried 
out on a base material, in addition, it will be desirable. 

[0011] Moreover, as core material of the magnetic head used in a high-frequency band, it has 
high permeability and, also thermally, magnetic thin films, such as a stable permalloy or a 
Sendust, are put in practical use. Although these magnetic thin films were conventionally formed 
on the predetermined substrate of vacuum evaporationo or the spatter, control of the magnetic 
anisotropy of a magnetic thin film became it difficult that the stacking tendency of the crystal 
orientation of these magnetic thin films was a low thing, within the film surface, the direction of 
crystal grain became disorderly and they had the problem by which the RF property of 
permeability is spoiled. Moreover, the local fluctuation called a skew and ripple to the 
magnetization within a field as the shaft orientations of the crystallographic axis within a film 
surface are disorderly will occur, and the RF property of permeability will be spoiled as 
mentioned above. 

[0012] the oxide superconductivity equipped with offering the polycrystal thin film which could 
also arrange the a-axis and the b-axis of a crystallographic axis of crystal grain along the field 
parallel to a membrane-formation side, and was excellent in the crystal stacking tendency, while 



i;t was r^ade in order that this invention might solve the aforementioned technical problem, and 
orientation of the c axis of a crystallographic axis can be carried out to the right-angle sense to 
the membrane-formation side of a base material, and the oxide-superconductivity layer excellent 
in the crystal stacking tendency — it aims at offering a conductor 
[0013] 

[Means for Solving the Problem] In the method of beginning to beat the constituent particle of a 
target by sputtering, making deposit on a base material, and forming a polycrystal thin film on a 
base material, in order that invention according to claim 1 may solve the aforementioned 
technical problem The aforementioned constituent particle is made to deposit on a base material, 
irradiating the ion beam which the ion source generated from across to the membrane formation 
side of a base material with the degree of incident angle of the range of 50 - 60 degrees, in case 
the aforementioned constituent particle is made to deposit on a base material. 
[0014] In the method of beginning to beat the constituent particle of a target by sputtering, 
making deposit on a base material, and forming a polycrystal thin film on a base material, in order 
that invention according to claim 2 may solve the aforementioned technical problem While 
making the aforementioned constituent particle deposit on a base material, irradiating the ion 
beam which the ion source generated from across to the membrane formation side of a base 
material in case the aforementioned constituent particle is made to deposit on a base material 
Current density of the aforementioned ion beam is made into two or more 20microA/cm, and ion 
beam voltage is made into less than [ 700V ] or more by 1 50. 

[0015] Invention according to claim 3 makes the grain-boundary inclination of the crystal grain of 
the polycrystal thin film which sets the degree of incident angle of an ion beam as the range of 
55 - 60 degrees, and is formed on a base material less than 25 degrees in the manufacture 
method of a polycrystal thin film according to claim 1, in order to solve the aforementioned 
technical problem. 

[0016] Invention according to claim 4 uses an inactive gas ion or the mixed ion of inert gas and 
oxygen gas as ion according to claim 1 or 2, in order to solve the aforementioned technical 
problem. 

[0017] In order to solve the aforementioned technical problem, invention according to claim 5 
begins to beat the constituent particle of a target by sputtering, and is made to deposit it on a 
base material. In the manufacture method of a conductor the oxide superconductivity which 
forms a polycrystal thin film on a base material, and forms an oxide superconductivity layer 
subsequently to this polycrystal thin film top — Irradiating the ion beam which the ion source 
generated from across to the membrane formation side of a base material with the degree of 
incident angle of the range of 50 - 60 degrees, in case the aforementioned constituent particle is 
made to deposit on a base material, make a spatter particle deposit and a polycrystal thin film is 
formed. An oxide superconductivity layer is formed on this polycrystal thin film. 
[0018] In order to solve the aforementioned technical problem, invention according to claim 6 
begins to beat the constituent particle of a target by sputtering, and is made to deposit it on a 
base material. In the manufacture method of a conductor the oxide superconductivity which 
forms a polycrystal thin film on a base material, and forms an oxide superconductivity layer 
subsequently to this polycrystal thin film top — While making a spatter particle deposit, 
irradiating the ion beam which the ion source generated from across to the membrane formation 
side of a base material in case the aforementioned constituent particle is made to deposit on a 
base material Two or more 20microA/cm are formed for the current density of the 
aforementioned ion beam, a polycrystal thin film is formed for ion beam voltage as less than 
[ 700V ] or more by 150, and an oxide superconductivity layer is formed on this polycrystal thin 
film. 

[0019] in order that invention according to claim 7 may solve the aforementioned technical 
problem — oxide superconductivity according to claim 5 or 6 — in the manufacture method of a 
conductor, the grain-boundary inclination of the crystal grain of the polycrystal thin film which 
sets the degree of incident angle of an ion beam as the range of 55 - 60 degrees, and is formed 
on a base material is made into less than 25 degrees 

[0020] Invention according to claim 8 is the manufacture method of the oxides superconductors 



characterized by growing the crystal of oxides superconductors epitaxially to the crystal of a 

polycrystal thin film in case an oxide superconductivity layer is formed on a polycrystal thin film 

according to claim 5, 6, or 7, in order to solve the aforementioned technical problem. 

[0021] Invention according to claim 9 is the manufacture method of the oxides superconductors 

according to claim 5 t 6, 7, or 8 characterized by using an inactive gas ion or the mixed ion of 

inert gas and oxygen gas as ion in order to solve the aforementioned technical problem. 

[0022] 

[Function] As a result of activating a constituent particle efficiently since an ion beam is also 
simultaneously irradiated from the range of the 50 - 60 directions of slant of a base material in 
case the spatter particle begun to beat from the target by sputtering is made to deposit on a 
base material, in addition to a c axis stacking tendency, an a-axis stacking tendency and a b-axis 
stacking tendency also improve to the membrane formation side of a base material, consequently 
— even if it is the polycrystal thin film in which much grain boundaries were formed — both the 
a-axis stacking tendency for every crystal grain a b-axis stacking tendency and a c axis stacking 
tendency — although — it becomes good and the polycrystal thin film which improved is 
obtained Moreover, in order to activate the constituent particle in the case of a spatter, the 
mixed ion of argon ion or argon ion, and oxygen ion is desirable. 

[0023] In addition, this inventions assume the following things as a factor in which the crystal 
stacking tendency of the aforementioned polycrystal thin film is ready. In the unit lattice of the 
crystal of the cubic polycrystal thin film formed on the substrate, the directions of a substrate 
normal are <100> shafts, and each of other <010> shafts and <001> shafts serves as a direction 
which intersects perpendicularly with <100> shafts. If the ion beam which carries out incidence 
from across to a substrate normal is taken into consideration to these directions, when carrying 
out incidence along the direction of the diagonal line of a unit lattice, i.e., <111> shafts, to the 
zero of a unit lattice, it becomes the 54.7 degrees of incident angle. That a good crystal stacking 
tendency is shown here in the range whose degree of incident angle of an ion beam is 50 - 60 
degrees as mentioned above The degree of incident angle of an ion beam is considered that the 
bird clapper is related before and after it in accordance with the 54.7 aforementioned degrees. In 
the crystal which ion channeling took place most effectively when these angles were in 
agreement or having been approximated, and has been deposited on a base material Only the 
atom which became the arrangement relation which is in agreement with the aforementioned 
angle on the upper surface of a base material becomes easy to remain alternatively. As a result 
of a spatter s being carried out by the spatter effect which the ion beam by which incidence is 
carried out aslant generates and being removed, only the crystal into which the good atoms of a 
stacking tendency gathered remained alternatively, and deposited the thing of the atomic 
arrangement to which others were confused, this became a cause and it presumes that in which 
a crystal stacking tendency is ready. 

[0024] Therefore, if too low, it will become the shortage of ion irradiation, the aforementioned 
effect is made hard to produce, and when ion beam voltage is too high, it will produce the spatter 
effect conversely and will disturb a crystal stacking tendency. As for the current density of the 
above thing to an ion beam, it is desirable to consider as two or more 20microA/cm, and, as for 
ion beam voltage, it is desirable to consider as less than [ 700V ] more than by 150V. 
[0025] Moreover, if an oxide superconductivity layer is grown epitaxially on the good polycrystal 
thin film of the aforementioned crystal stacking tendency, as a result of an oxide 
superconductivity layer s carrying out a crystal growth along with the crystal of a polycrystal thin 
film, what has an a-axis stacking tendency, a b-axis stacking tendency, and a c axis stacking 
tendency good [ an oxide superconductivity layer ] is obtained. 
[0026] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. The 
polycrystal thin film by which A was formed in the base material of a tabular and B was formed 
[ in / drawing 1 / drawin g 1 shows one example in which the polycrystal thin film of this 
invention was formed on the base material, and ] in the upper surface of a base material A is 
shown. The aforementioned base material A can use the thing of various configurations, such as 
a plate, a wire rod, and tape material, and a base material A consists of metallic materials, such 



f s silver, platinum, stainless steel, and copper, an alloy, various glass or various ceramics, etc. 
[0027] It comes to carry out junction unification through the grain boundary, and the c axis of 
the crystallographic axis of each crystal grain 20 is turned right-angled to the upper surface 
(membrane formation side) of a base material A, the a-axes and b-axes of a crystallographic axis 
of each crystal grain 20 are mutually turned in the same direction, and orientation within a field 
of much detailed crystal grain 20 in which the aforementioned polycrystal thin film B has the 
crystal structure of cubic system is carried out mutually. Moreover, orientation of the c axis of 
each crystal grain 20 is carried out right-angled to the membrane formation (upper surface) side 
of a base material A. And the a-axes (or b-axis) of each crystal grain 20 make those angles (the 
grain-boundary inclination K shown in drawing 2 ) to make less than 30 degrees, and junction 
unification is carried out. 

[0028] Next, the equipment which manufactures the aforementioned polycrystal thin film B is 
explained. Drawing 3 shows an example of equipment which manufactures the aforementioned 
polycrystal thin film B, and the equipment of this example has the composition of having 
prepared the ion gun for ion beam assistance in the sputtering system. 

[0029] The target 12 of a tabular with which opposite arrangement of the equipment of this 
example was carried out with the predetermined interval in the slanting upper part of the base- 
material electrode holder 1 1 which holds a base material A horizontally, and this base-material 
electrode holder 11, The spatter beam irradiation equipment 14 which the slanting upper part of 
the aforementioned base-material electrode holder 1 1 was countered with the predetermined 
interval, and the ion gun 13 which estranged with the target 12 and has been arranged, and the 
aforementioned target 12 set caudad, and has been arranged towards the inferior surface of 
tongue of a target 12 is constituted as a subject. Moreover, the sign 15 in drawing shows the 
target electrode holder holding the target 12. 

[0030] Moreover, the equipment of this example is contained by the vacuum housing of 
illustration abbreviation, and can hojd the circumference of a base material A now in vacuum 
atmosphere. Furthermore, controlled-atmosphere sources of supply, such as a chemical cylinder, 
are connected to the aforementioned vacuum housing, and it can be made the inert gas 
atmosphere which is in low voltage states, such as a vacuum, about the interior of a vacuum 
housing, and contains the inert gas atmosphere or oxygen of argon gas or others now. 
[0031] In addition, when using a long metal tape (tapes, such as a product made from a 
Hastelloy, or a product made from stainless steel) as a base material A, it is desirable to 
constitute so that continuation membrane formation of the polycrystal thin film can be carried 
out on a tape-like base material by forming the sending-out equipment and take-up motion of a 
metal tape in the interior of a vacuum housing, and sending out a base material A and rolling 
round to the base-material electrode holder 1 1 with take-up motion continuously from sending- 
out equipment. The aforementioned base-material electrode holder 11 equips the interior with a • 
heating heater, and can heat now the base material A located on the base-material electrode 
holder 1 1 to the temperature of business. Moreover, the angle adjustment mechanism D is 
attached to the pars basilaris ossis occipitalis of the base-material electrode holder 11. This 
angle adjustment mechanism D is constituted considering the pedestal 7 which supports the up 
support plate 5 joined to the pars basilaris ossis occipitalis of the base-material electrode holder 
1 1, the lower support plate 6 by which pin combination was carried out at this up support plate 5, 
and this lower support plate 6 as a subject. The aforementioned up support plate 5 and the lower 
support plate 6 are mutually constituted free [ rotation ] through a part for a pin bond part, and 
can adjust now the level angle of the base-material electrode holder 11. In addition, although the 
angle adjustment mechanism D in which the angle of the base-material electrode holder 1 1 was 
adjusted was established in this example, the angle adjustment mechanism D is attached in the 
ion gun 13, the degree of tilt angle of the ion gun 13 is adjusted, and you may make it adjust the 
degree of incident angle of an ion beam. Moreover, an angle adjustment mechanism cannot be 
restricted to the composition of this example, and, of course, the thing of various composition 
can be adopted. 

[0032] The aforementioned target 12 is for forming the polycrystal thin film made into the 
purpose, and the thing of the same composition as the polycrystal thin film of the target 



composition or approximation composition etc. is used for it What is necessary is not to restrict 
to this, although the zirconia (YSZ) specifically stabilized by MgO or Y203, MgO t SrTi03, etc. are 
used as a target 12, and just to use TAGETSU corresponding to the polycrystal thin film which it 
is going to form. 

[0033] Inside the container, the aforementioned ion gun 13 contains an evaporation source, pulls 
it out near the evaporation source, is equipped with an electrode and constituted. And it is 
equipment which it controls by the electric field which ionized a part of atom generated from the 
aforementioned evaporation source, or molecule, pulled out the ionized particle, and were 
generated in the electrode, and is irradiated as an ion beam. There are various things, such as a 
direct-current-discharge method, a RF excitation method, a filament formula, and a cluster ion 
beam method, in ionizing a particle. A filament formula is the method of carrying out energization 
heating at the filament made from a tungsten, making generate a thermoelectron, making collide 
with an evaporation particle in a high vacuum, and ionizing. Moreover, from the nozzle prepared 
in opening of the crucible to which the raw material was paid, by the thermoelectron, a cluster 
ion beam method carries out the shock of the cluster of the set molecule which comes out in a 
vacuum, ionizes it, and emits it. In this example, the ion gun 13 of the internal structure of 
composition of being shown in drawing 4 (a) is used. This ion gun 13 is constituted in preparation 
for the interior of the tubed container 16 in the drawer electrode 17, a filament 18, and the 
introductory pipes 19, such as Ar gas, and can irradiate ion in parallel with the shape of a beam 
from the nose of cam of a container 16. 

[0034] As shown in drawing 3 , the aforementioned ion gun 13 has the medial axis S, made it 
incline to the upper surface (membrane formation side) of a base material A with the degree 
theta of incident angle (angle of the perpendicular (normal) of a base material A, and a center 
line S to make), and has countered. Although this degree theta of incident angle has the 
desirable range of 50 - 60 degrees, the range of 55 - 60 degrees is the most desirable. 
Therefore, the ion gun 13 is arranged so that it may have with a tilt angle theta to the upper 
surface of a base material A and the incidence of the ion beam can be carried out. In addition, 
the ion beam which irradiates a base material A according to the aforementioned ion gun 13 is 
good at the ion beam of rare gas, such as helium+, Ne+, Ar+, Xe+, and Kr+, or the mixed ion beam 
of them and oxygen ion. in order to prepare the crystal structure of a polycrystal thin film, a 
certain amount of atomic weight is required, and when it takes into consideration that it is thin 
ineffective with too much lightweight ion, it is desirable [ it is **, and ] to use ion, such as Ar+ 
and Kr+ 

[0035] The aforementioned spatter beam irradiation equipment 14 irradiates an ion beam in 
composition equivalent to the ion gun 13 to nothing and a target 12, and can begin to beat the 
constituent particle of a target 12. In addition, with this invention equipment, since it is important 
that the constituent particle of a target 13 can be begun to beat, the seal of approval of the 
voltage is carried out to a target 12 by the high frequency coil etc., the constituent particle of a 
target 12 may be begun to beat, and it may constitute so that it may be possible, and the spatter 
beam irradiation equipment 14 may be omitted. 

[0036] Next, the case where the polycrystal thin film B of YSZ is formed on a base material A 
using the equipment of the aforementioned composition is explained. In order to form the 
polycrystal thin film B on a base material A, while using the target of YSZ, it enables it to 
irradiate the ion beam which the angle adjustment mechanism D is adjusted. and is irradiated 
from the ion gun 13 at an angle of the range of 50 - 60 degrees on the upper surface of the 
base-material electrode holder 11. Next, vacuum length of the interior of the container which has 
contained the base material A is carried out and it considers as reduced pressure atmosphere. 
And the ion gun 13 and the spatter beam irradiation equipment 14 are operated. 
[0037] If an ion beam is irradiated from the spatter beam irradiation equipment 14 at a target 12, 
the constituent particle of a target 12 will be begun to beat, and it will come flying on a base 
material A. And the mixed ion beam of Ar ion and oxygen ion is irradiated from the ion gun 13 at 
the same time it makes the constituent particle begun to beat from the target 12 deposit on a 
base material A. The degree theta of incident angle at this time of carrying out ion irradiation has 
50 - 60 most desirable degrees. If theta is made into 90 degrees here, although orientation of the 



c axis 9f a polycrystal thin film is carried out right-angled to the membrane formation side of a 
base material A, since a field (111) stands on the membrane formation side of a base material A, 
it is not desirable. Moreover, if theta is made into 30 degrees, a polycrystal thin film will not carry 
out even c axis orientation. If ion beam irradiation is carried out at an angle of the above 
desirable ranges, the field (100) of the crystal of a polycrystal thin film will come to stand. 
[0038] Although orientation of the a-axis and b-axis of a crystallographic axis of YSZ which are 
formed on a base material A can be carried out by performing sputtering, performing ion beam 
irradiation with such a degree of incident angle, it is thought that this is based on the result 
efficiently activated by having carried out ion beam irradiation at the suitable angle to the 
spatter particle in the middle of having deposited. [ of a polycrystal thin film ] 
[0039] In addition, this inventions assume the following things as a factor in which the crystal 
stacking tendency of this polycrystal thin film B is ready. The unit lattice of the crystal of the 
polycrystal thin film B of YSZ is a cubic as shown in drawing 4 (b), in this crystal lattice, the 
directions of a substrate normal are <100> shafts, and each of other <010> shafts and <001> 
shafts serves as a direction shown in drawing 4 (b). If the ion beam which carries out incidence 
from across to a substrate normal is taken into consideration to these directions, when carrying 
out incidence along the direction of the diagonal line of a unit lattice, i.e., <1 1 1> shafts, to the 
zero O of drawin g 4 (b), it becomes the 54.7 degrees of incident angle. That a good crystal 
stacking tendency is shown in the range of the 50 - 60 degrees of incident angle as mentioned 
above here In the crystal which ion channeling took place most effectively and has deposited on 
a base material A when the degree of incident angle of an ion beam comes before and after it in 
accordance with the 54.7 aforementioned degrees Only the atom which became the arrangement 
relation which is in agreement with the aforementioned angle on the upper surface of a base 
material A becomes easy to remain alternatively. The thing of the atomic arrangement to which 
others were confused presumes what only the crystal into which the good atoms of a stacking 
tendency gathered remains alternatively, and deposits, as a result of a spatter s being carried out 
by the spatter effect of an ion beam and being removed. 

[0040] The aforementioned effect is made hard to become the shortage of ion irradiation and to 
produce from the above thing, if the ion beam voltage at the time of irradiating an ion beam is 
too low, and when too high, conversely, the spatter effect becomes high and will disturb a crystal 
stacking tendency. As for the current density of the above thing to an ion beam, it is desirable to 
consider as two or more 20microA/cm, and, as for ion beam voltage, it is desirable to consider 
as less than [ 700V ] more than by 1 50V. 

[0041] The base material A which the polycrystal thin film B of YSZ deposited on drawing 1 and 
drawing 2 by the aforementioned method is shown. In addition, although drawing 1 shows the 
state where one layer of crystal grain 20 was formed, of course, it does not interfere by the 
multilayer structure of crystal grain 20. 

[0042] next, the oxide superconductivity which drawing 5 and drawing 6 require for this invention 
— what shows one example of a conductor — it is — the oxide superconductivity of this 
example — the conductor 23 consists of an oxide superconductivity layer C formed in the upper 
surface of the polycrystal thin film B formed in the upper surface of the base material A of a 
tabular, and this base material A, and the polycrystal thin film B The aforementioned base 
material A and the polycrystal thin film B consist of material equivalent to the material explained 
in the previous example, and crystal orientation of the crystal grain 20 of the polycrystal thin film 
B is carried out so that it may become less than 30 grain-boundary inclinations, as shown in 
drawing 1 and drawing 2 . 

[0043] Next, the oxide superconductivity layer C is covered by the upper surface of the 
polycrystal thin film B, orientation of the c axis of the crystal grain 23 is carried out right-angled 
to the upper surface of the polycrystal thin film B, orientation within a field is carried out along a 
field parallel to the base-material upper surface like the polycrystal thin film B of the crystal 
grain 23 — which explained the a-axis and the b-axis previously, and grain-boundary inclination 
K' which crystal grain 23 form is made into less than 30 degrees. The oxides superconductors 
which constitute this oxide superconductivity layer Composition Y1Ba2Cu30x, Y2Ba4Cu80x, and 
Y3Ba3Cu60x — Or (Bi, Pb) 2calcium2Sr2Cu30x, composition which becomes 4 Ox 3 Cu 2 Sr 2 



( (Bi, Pb), calcium, or TI2Ba2calcium2Cu30x, TI1 Ba2calcium2Cu30x, and TI1Ba2calcium3Cu40x — 
they are oxides superconductors with the high critical temperature represented by composition 
etc. 

[0044]* Next, the equipment which forms the oxide superconductivity layer C is explained. 
Drawing 7 shows an example of the equipment which forms an oxide superconductivity layer by 
the forming-membranes method, and drawin g 7 shows laser vacuum evaporationo equipment 
The laser vacuum evaporationo equipment 30 of this example has the processing container 31, 
and can install now a base material A and a target 33 in the vacuum evaporationo processing 
room 32 inside this processing container 31. That is, while a pedestal 34 is formed in the pars 
basilaris ossis occipitalis of the vacuum evaporationo processing room 32 and being able to 
install a base material A in the upper surface of this pedestal 34 in the level state, the target 33 
supported by the support electrode holder 36 is formed in the slanting upper part of a pedestal 
34 in the state of the inclination. It connects with the evacuation equipment of illustration 
abbreviation through an exhaust hole 37, and the processing container 31 can decompress the 
interior now to a predetermined pressure. 

[0045] The aforementioned target 33 consists of boards, such as a sintered compact of 
equivalent to the oxide superconductivity layer C which it is going to form, or the multiple oxide 
which made much approximated composition or many components which are easy to flee during 
membrane formation contain, or oxides superconductors. The aforementioned pedestal 34 is 
what built in the heating heater, and can heat a base material A now to desired temperature. 
[0046] Laser luminescence equipment 38, the 1st reflecting mirror 39, a condenser lens 40, and 
the 2nd reflecting mirror 41 are formed in the side of the processing container 31, and it has 
come to be, able to carry out the convergent radiotherapy of the laser beam which laser 
luminescence equipment 38 generated to a target 33 on the other hand through the transparent 
aperture 42 in which it was attached by the side attachment wall of the processing container 31. 
As long as laser luminescence equipment 38 can begin to beat a constituent particle from a 
target 33, it may use which things, such as an YAG laser, a C02 laser, and an excimer laser. 
[0047] Next, the case where the oxide superconductivity layer C is formed on the polycrystal 
thin film B of Above YSZ is explained. If the polycrystal thin film B of YSZ is formed on a base 
material A as mentioned above, an oxide superconductivity layer will be formed on this 
polycrystal thin film B. When forming an oxide superconductivity layer on the polycrystal thin film 
B, in this example, the laser vacuum evaporationo equipment 30 shown in drawing 7 is used. 
[0048] It installs on the pedestal 34 of the laser vacuum evaporationo equipment 30 which shows 
the base material A in which the polycrystal thin film B was formed to drawing 7 , and the 
vacuum evaporationo processing room 32 is decompressed with a vacuum pump. Oxygen gas is 
introduced into the vacuum evaporationo processing room 32 here if needed, and it is good also 
considering the vacuum evaporationo processing room 32 as an oxygen atmosphere. Moreover, 
the heating heater of a pedestal 34 is operated and a base material A is heated to desired 
temperature. 

[0049] Next, the convergent radiotherapy of the laser beam which made it generate from laser 
luminescence equipment 38 is carried out to the target 33 of the vacuum evaporationo 
processing room 32. By this, whether the constituent particle of a target 33 begin to be scooped 
out evaporates, and the particle deposits on the polycrystal thin film B. Since the polycrystal 
thin film B carries out c axis orientation beforehand and is carrying out orientation also of an a- 
axis and the b~axis in the case of deposition here of a constituent particle, it grows epitaxially 
and crystallizes so that the c axis, a-axis, and b-axis of the crystal of the oxide 
superconductivity layer C which are formed on the polycrystal thin film B may also be adjusted 
in the polycrystal thin film B. The good oxide superconductivity layer C of a crystal stacking 
tendency is obtained by this. 

[0050] Although the oxide superconductivity layer C formed on the aforementioned polycrystal 
thin film B will be in a polycrystal state, in each of the crystal grain of this oxide 
superconductivity layer C, as shown in drawing 6 , the c axis which cannot pass the electrical 
and electric equipment easily in the thickness direction of a base material A carries out 
orientation of it, and a-axes or b-axes are carrying out orientation to the longitudinal direction of 



a base jpaterial A. Therefore, the obtained oxide superconductivity layer is excellent in the 
quantum unity in the grain boundary, since there is little degradation of the superconductivity 
property in the grain boundary, it is easy to pass the electrical and electric equipment in the 
direction of a field of a base material A, and what was excellent in critical current density is 
obtained. 

[0051] On the other hand, drawing 8 shows other examples of the equipment for manufacturing a 
polycrystal thin film. The same sign is given to a component equivalent to the equipment 
indicated to drawing 3 in the equipment of this example, and those explanation is omitted. 
Differing from the equipment shown in drawing 3 in the equipment of this example is the point of 
having formed three targets 12, having formed three spatter beam irradiation equipments 14, and 
having connected RF generator 29 to the base material A and the target 12. 
[0052] With the equipment of this example, since begin to beat the particle of another kind, 
respectively, it is made to deposit on a base material A and a bipolar membrane can be formed 
from three targets 12, 12, and 12, there is the feature which can also manufacture the 
polycrystal film of more complicated composition. Moreover, RF generator 30 can be operated 
and*a spatter can also be carried out from a target 12. When enforcing the aforementioned 
method using the equipment of this example, the polycrystal thin film which was excellent in the 
stacking tendency like the case of the equipment shown in drawing 3 can be obtained. 
[0053] (Example of manufacture) The equipment of composition of being shown in drawing 3 was 
used, vacuum length of the interior of a container which contained this equipment was carried 
out with the vacuum pump, and it decompressed to 3.0x10 to 4 torrs. The base material used 
Hastelloy C276 tape with 0.5mm [ in width of face of 10mm, and thickness ], and a length of 
10cm. The target set the degree of incident angle of the beam of spatter voltage 1000V, 100mA 
of spatter current, and the ion source as 55 degrees using the thing made from YSZ (stabilized 
zirconia), the assistant voltage of the ion source was set as 300V, the current density of an ion 
beam was set as 10-70microA/cm2, respectively, on the base material, ion irradiation was 
performed simultaneously with sputtering and the YSZ layer of the shape of a film with a 
thickness of 0.3 micrometers was formed. The current density of the aforementioned ion beam is 
based on the count value of the current density metering device grounded near the sample here. 

[0054] The X diffraction examination by the theta-2theta method for having used CuK alpha rays 
about each obtained polycrystal thin film sample of YSZ was performed. Drawing 10 - drawing 13 
are drawings showing 55 incident angles of the ion source, and the diffraction strength of the 
sample which measured the current density of an ion beam by ion beam voltage 300V, 
respectively to 10microA/cm2, 20microA/cm2, 40microA/cm2, and 70microA/cm2. From the 
result shown in drawing 10 - drawing 13 , the current density of an ion beam by the sample set 
as 20-70microA/cm2 The peak of the field (200) of YSZ or (400) a field is accepted, and that in 
which the field (100) of the polycrystal thin film of YSZ is carrying out orientation along the field 
parallel to a base-material front face can be presumed. It became clear that the polycrystal thin 
film of YSZ carries out orientation of the C shaft at right angles to the base-material upper 
surface, and is formed. In addition, the peak of YSZ is not seen if it is in the sample which made 
ion beam current density 10microA/cm2 from the result shown in drawing 10 . Therefore, when 
ion beam current density was too low, it became clear that control of the crystal stacking 
tendency of a polycrystal thin film cannot be performed. 

[0055] Then, drawing 14 - drawing 17 show the pole figure in each aforementioned sample. By 
the sample which made current density of an ion beam 10microA/cm2, a c axis stacking 
tendency was not seen but the result shown in drawing 10 - drawing 13 and the equivalent result 
were obtained so that clearly from these drawings. It became clear that the current density at 
the time of irradiating an ion beam from the above thing is two or more 20microA/cm need. 
[0056] Drawing 18 - drawing 20 are drawings showing the diffraction strength of the sample 
which changed ion beam voltage and ion beam current suitably, and measured them with the 90 
degrees of incident angle of the ion source. The beam current shown in each drawing here shows 
the current for loads of the ion gun used for the experiment. From the result shown in drawing 
18 - drawing 20 , even if it set the degree of incident angle of the ion source as 90 degrees, the 



peak (200) and peak (400) of YSZ could be accepted, and sufficient stacking tendency was 
accepted about the c axis stacking tendency. 

[0057] Next, in each sample by which c axis orientation was carried out as mentioned above, it 
measured whether the a-axis or b-axis of a YSZ polycrystal thin film would carry out orientation. 
For the measurement, as shown in drawing 21 , while irradiating an X-ray at an angle theta at the 
polycrystal thin film of YSZ formed on the base material A In the vertical plane containing an 
incidence X-ray, install the X-ray counter 25 in the position of the angle of 2theta (58.7 degrees) 
to an incidence X-ray, and the value of the level angle phi to the vertical plane containing an 
incidence X-ray is changed suitably. That is, the stacking tendency of the a-axes of the 
polycrystal thin film B or b-axes was measured by measuring the diffraction strength obtained 
when only an angle of rotation phi makes it rotate as a base material A is shown in an arrow in 
drawing 21 . The result is shown in drawing 22 and drawing 23 . 

[0058] When a diffraction peak does not appear in the case of the sample which set the degree 
of incident angle of an ion beam as 55 degrees, and manufactured it as shown in drawing 22 , but 
phi is made into 90 degrees and 0 times, the peak of the field (311) of YSZ has appeared every 
90 degrees to the angle of rotation phi. This is equivalent to the peak (01 1) of YSZ within a 
substrate side, and it became clear that the a-axes or b-axes of a YSZ polycrystal thin film is 
carrying out orientation. On the other hand, as shown in drawing 23 , in the case of the sample 
which set the degree of ion beam incident angle as 90 degrees, and manufactured it, a special 
peak was not seen but that it is disorderly made an a-axis and b shaft orientation clear. 
[0059] It became clear that the polycrystal thin film of the sample manufactured by the 
aforementioned equipment from the above result is carrying out orientation of a-axes and the fa- 
axes as well as c axis orientation. Therefore, it became clear that polycrystal thin films, such as 
YSZ excellent in the stacking tendency, can be manufactured. 

[0060] On the other hand, drawing 24 shows the result which examined the crystal stacking 
tendency in each crystal grain of the polycrystal layer of this sample using the sample of a YSZ 
polycrystal thin film used by drawing 22 . In this examination, when performing an X diffraction by 
the method previously explained based on drawing 21 , the diffraction peak at the time of setting 
the angle of phi as the value of serration 5 times to -ten - 45 degrees is measured. Although the 
diffraction peak of the polycrystal thin film of YSZ obtained from the result shown in drawing 24 
appears in less than 30 grain-boundary inclinations, its having disappeared is clear at 45 degrees. 
Therefore, having fitted in less than 30 degrees made clear the grain-boundary inclination of the 
crystal grain of the obtained polycrystal thin film, and it became clear to have a good stacking 
tendency. 

[0061] Next, ion beam voltage was set as each value of 500V, 700V, 200V, and 150V on 
conditions almost equivalent to the aforementioned manufacture conditions, and the X diffraction 
examination was performed about the sample which set the current density of an ion beam as 
each value of 40microA/cm2, 50microA/cm2, 20microA/cm2, and 30microA/cm2, and 
manufactured it. Those results are shown in drawing 25 - drawing 29 . 

[0062] Moreover, the relation of the above ion beam voltage and ion beam current density which 
were obtained from the test result shown in drawing 25 - drawing 29 , and the relevance of the 
crystal stacking tendency of a polycrystal thin film are shown in drawin g 30 . From the result 
shown in drawing 30 , even if each of ion beam voltage and ion beam current density is too high 
and it is too low, it is unsuitable, it is more than 150V, and ion beam voltage needs to be fewer 
than 700V, and it became clear that the current density of an ion beam is required for two or 
more 20microA/cm. 

[0063] Next, the current density of 300V and an ion beam is set as 40microA/cm2, ion beam 
energy is set as 300eV for ion beam voltage, and when the degree of incident angle of an ion 
beam is changed to zero - 65 degrees and a polycrystal thin film is manufactured, the relation 
between the degree of incident angle in the distribution of the direction (111) of the crystal of 
the obtained polycrystal thin film and full width at half maximum is shown. In addition, all the 
aforementioned half-the-price values asked for the pole figure as shown in drawing 16 about 
each obtained sample, and when the auxiliary wires e and f as shown in drawing 16 from the 
center of this pole figure were drawn, they asked for it, the half angle, i.e., the peak ratio half, of 



the angle alpha which these auxiliary wires e and f make. The bird clapper became [ the crystal 
stacking tendency ] clear good in the range whose degree of incident angle of the result shown 
in drawing 31 to an ion beam is 50 - 60 degrees. Moreover, it also became clear by making the 
degree of incident angle of an ion beam into 55 - 60 degrees especially that a grain-boundary 
inclination is made to the minimal value of about 25 degrees. 

[0064] Next, the oxide superconductivity layer was formed using the laser vacuum evaporationo 
equipment of composition of being shown in drawing 7 on the aforementioned polycrystal thin 
film, as a target — Y0.7Ba1.7Cu 3.007-x — the target which consists of oxides superconductors 
of composition was used Moreover, the interior of a vacuum evaporationo processing room was 
decompressed to 10 to 6 torrs, and laser vacuum evaporationo was performed at the room 
temperature. ArF laser with a wavelength of 193nm was used as laser for target evaporation. 
Then, it heat-treated in 60 minutes and in oxygen atmosphere by 400 degreeC. The obtained 
oxides superconductors are things with a width of face [ of 0.5mm ], and a length of 10cm. 
[0065] this oxide superconductivity — the result which cooled the conductor and performed 
measurement of critical temperature and critical current density — critical temperature =90K 
Critical-current-density =500000 A/cm2 was shown, and it has checked demonstrating a very 
excellent superconductivity property. 
[0066] 

[Effect of the Invention] As a result of being able to activate a constituent particle efficiently 
since an ion beam is irradiated at the angle of 50 - the 60 directions of slant in case the 
constituent particle begun to beat from the target by sputtering is made to deposit on a base 
material as explained above according to the manufacture method of the polycrystal thin film of 
this invention, the polycrystal thin film of 30 or less grain-boundary inclinations which also raised 
the a-axis stacking tendency and the b~axis stacking tendency to the membrane formation side 
of a base material in addition to the c axis stacking tendency can be obtained. Furthermore, a 
crystal stacking tendency can be prepared still better by making the degree of incident angle of 
an ion beam into 55 - 60 degrees, and the polycrystal thin film of the good crystal stacking 
tendency of less than 25 grain-boundary inclinations can be obtained. The aforementioned 
polycrystal thin film has a good stacking tendency within a field in the a-axis and b-axis of 
crystal grain which constitute a polycrystal thin film since the diffraction peak of the X 
diffraction which is made to rotate it and is acquired appears every 90 degrees, and since the 
appearance range of the peak turns into the range of 0 - 30 degrees, it is also clear that the 
grain-boundary inclination is 30 degrees. 

[0067] Moreover, the polycrystal thin film of a good crystal stacking tendency can be certainly 
manufactured by setting current density of the ion beam at the time of manufacture of a 
polycrystal thin film to 20-micrometerA/two or more cm, and making ion beam voltage fewer 
than more than 150V and 700V.<Jn addition, the ion used as an ion beam has an inactive gas ion 
or an inactive gas ion, and the mixed desirable ion of oxygen gas. 

[0068] Next, according to the manufacture method of the oxides superconductors concerning 
this invention, the good polycrystal thin film of the above crystal stacking tendencies is formed 
with 50 - the 60 degrees of incident angle of an ion beam on a base material, and an oxide 
superconductivity layer is formed on it The aforementioned polycrystal thin film has the good 
stacking tendency within a field of the crystal grain which constitutes a polycrystal thin film 
since the diffraction peak of the X diffraction which is made to rotate it and is acquired appears 
every 90 degrees, and since it generates an oxide superconductivity layer on it, it can form the 
good oxide superconductivity layer of a crystal stacking tendency, therefore — since the sense 
of the a-axes of the crystal grain of an oxide superconductivity layer or b-axes can also be 
arranged — the high oxide superconductivity of critical current density — a conductor can be 
obtained furthermore, the oxide superconductivity which was further excellent in the crystal 
stacking tendency since the crystal stacking tendency could be prepared still better by making 
the degree of incident angle of an ion beam into 55 - 60 degrees and the polycrystal thin film of 
the good crystal stacking tendency of less than 25 grain-boundary inclinations was obtained — a 
conductor can be obtained 

[0069] moreover, the thing for which the polycrystal thin film of a good crystal stacking tendency 



qan be rpanufactured certainly, and an oxide superconductivity layer is formed based on this by 
setting current density of the ion beam at the time of manufacture of a polycrystal thin film to 
20-micrometerA/two or more cm, and making ion beam voltage fewer than more than 150V and 
700V — the high oxide superconductivity of critical current density — a conductor can be 
obtained certainly In addition, the ion used as the aforementioned ion beam has an inactive gas 
ion or an inactive gas ion, and the mixed desirable ion of oxygen gas. 
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[Industrial Application] the oxide superconductivity in which the manufacture method of a 
polycrystal thin film that crystal orientation was ready, as for this invention, and crystal 
orientation were ready — it is related with the manufacture method of a conductor 
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PRIOR ART 



[Description of the Prior Art] Although the oxides superconductors become and discovered at 
recent years are outstanding superconductors which show the critical temperature exceeding 
liquid nitrogen temperature, in order to use this kind of oxides superconductors as a practical 
superconductor now, the trouble which should solve various exists. One of the trouble of the is 
the problem that the critical current density of oxides superconductors is low. 
[0003] Although the problem that the critical current density of the aforementioned oxides 
superconductors is low is the cause with big an electric anisotropy existing in the crystal of 
oxides superconductors itself and especially oxides superconductors tend to pass the electrical 
and electric equipment to a shaft orientations and b shaft orientations of the crystallographic 
axis, it is known that it will be hard to pass the electrical and electric equipment to c shaft 
orientations. In order to form oxides superconductors on a base material from such a viewpoint 
and to use this as a superconductor, it is necessary to form the oxides superconductors of the 
good state of a crystal stacking tendency on a base material, to make the orientation of the a- 
axis or b-axis of the crystal of oxides superconductors carry out in the direction which is going 
to pass the electrical and electric equipment moreover, and to make the orientation of the c axis 
of oxides superconductors carry out in the direction of other. 

[0004] Various meanses have been tried in order to form the good oxide superconductivity layer 
of a crystal stacking tendency on base materials, such as a substrate metallurgy group tape, 
conventionally. As the one method, the method of forming an oxide superconductivity layer by 
the forming-membranes methods, such as sputtering, on these single crystal base materials is 
enforced using single crystal base materials, such as MgO to which oxides superconductors and 
the crystal structure were similar, or SrTi03. 

[0005] If the forming-membranes methods, such as sputtering, are performed using Above MgO 
or the single crystal base material of SrTi03, in order that the crystal of an oxide 
superconductivity layer may carry out a crystal growth based on the crystal of a single crystal 
base material, it is possible to make the crystal stacking tendency good, and it is known that the 
oxide superconductivity layer formed on these single crystal base materials will demonstrate 
hundreds of thousands - about two millions A/cm critical current density high enough. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since an ion beam is irradiated at the angle of 50 - the 60 directions of 
slant in case the constituent particle begun to beat from the target by sputtering is made to 
deposit on a base material as explained above according to the manufacture method of the 
polycrystal thin film of this invention As a result of a constituent particle's being efficiently 
activable, the polycrystal thin film of 30 or less grain-boundary inclinations which also raised the 
a-axis stacking tendency and the b-axis stacking tendency to the membrane formation side of a 
base material in addition to the c axis stacking tendency can be obtained. Furthermore, a crystal 
stacking tendency can be prepared still better by making the degree of incident angle of an ion 
beam into 55 - 60 degrees, and the polycrystal thin film of the good crystal stacking tendency of 
less than 25 grain-boundary inclinations can be obtained. The aforementioned polycrystal thin 
film has a good stacking tendency within a field in the a-axis and b-axis of crystal grain which 
constitute a polycrystal thin film since the diffraction peak of the X diffraction which is made to 
rotate it and is acquired appears every 90 degrees, and since the appearance range of the peak 
turns into the range of 0 - 30 degrees, it is also clear that the grain-boundary inclination is 30 
degrees. 

[0067] Moreover, the polycrystal thin film of a good crystal stacking tendency can be certainly 
manufactured by setting current density of the ion beam at the time of manufacture of a 
polycrystal thin film to 20-micrometerA/two or more cm, and making ion beam voltage fewer 
than more than 150V and 700V. In addition, the ion used as an ion beam has an inactive gas ion 
or an inactive gas ion, and the mixed desirable ion of oxygen gas. 

[0068] Next, according to the manufacture method of the oxides superconductors concerning 
this invention, the good polycrystal thin film of the above crystal stacking tendencies is formed 
with 50 - the 60 degrees of incident angle of an ion beam on a base material, and an oxide 
superconductivity layer is formed on it. The aforementioned polycrystal thin film has the good 
stacking tendency within a field of the crystal grain which constitutes a polycrystal thin film 
since the diffraction peak of the X diffraction which is made to rotate it and is acquired appears 
every 90 degrees, and since it generates an oxide superconductivity layer on it it can form the 
good oxide superconductivity layer of a crystal stacking tendency, therefore — since the sense 
of the a-axes of the crystal grain of an oxide superconductivity layer or b-axes can also be 
arranged — the high oxide superconductivity of critical current density — a conductor can be 
obtained furthermore, the oxide superconductivity which was further excellent in the crystal 
stacking tendency since the crystal stacking tendency could be prepared still better by making 
the degree of incident angle of an ion beam into 55 - 60 degrees and the polycrystal thin film of 
the good crystal stacking tendency of less than 25 grain-boundary inclinations was obtained — a 
conductor can be obtained 

[0069] moreover, the thing for which the polycrystal thin film of a good crystal stacking tendency 
can be manufactured certainly, and an oxide superconductivity layer is formed based on this by 
setting current density of the ion beam at the time of manufacture of a polycrystal thin film to 
20-micrometerA/two or more cm, and making ion beam voltage fewer than more than 150V and 
700V — the high oxide superconductivity of critical current density — a conductor can be 
obtained certainly In addition, the ion used as the aforementioned ion beam has an inactive gas 



ipn or an inactive gas ion, and the mixed desirable ion of oxygen gas. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] By the way, in order to use oxides superconductors 
as a conductor, it is necessary to form the good oxide superconductivity layer of a crystal 
stacking tendency on the base material of long pictures, such as the shape of a tape. However, 
as for the metal tape itself, if an oxide superconductivity layer is directly formed on base 
materials, such as a metal tape, since it differs from oxides superconductors greatly, the crystal 
structure cannot form the good oxide superconductivity layer of a crystal stacking tendency at 
all by the polycrystalline substance, either. And a diffusion reaction arises between a metal tape 
and an oxide superconductivity layer with heat treatment performed in case an oxide 
superconductivity layer is formed, the crystal structure of an oxide superconductivity layer 
collapses, and there is a problem on which a superconductivity property deteriorates. 
[0007] Then, using a sputtering system, covering interlayers, such as MgO and SrTi03, and 
forming an oxide superconductivity layer on this interlayer on base materials, such as a metal 
tape, conventionally, is performed. However, the oxide superconductivity layer formed by the 
sputtering system on this kind of interlayer had the problem that only low critical current density 
(for example, thousands - about two 10,000 A/cm) was considerably shown rather than the oxide 
superconductivity layer formed on the single crystal base material. This is considered to be 
based on the reason for explaining below. 

[0008] the oxide superconductivity which drawing 9 formed the interlayer 2 by the sputtering 
system on the base materials 1, such as a metal tape, and formed the oxide superconductivity 
layer 3 by the sputtering system on this interlayer 2 — the cross-section structure of a 
conductor is shown In the structure shown in drawing 9 , the oxide superconductivity layer 3 is 
in a polycrystal state, and is in the state where much crystal grain 4 joined together disorderly. If 
each of such crystal grain 4 is seen separately, although orientation of the c axis of the crystal 
of each crystal grain 4 is perpendicularly carried out to the base-material front face, an a-axis 
and a b-axis will be considered to have turned to the disorderly direction. 

[0009] Thus, if the sense of an a-axis and a b-axis becomes disorderly for every crystal grain of 
an oxide superconductivity layer, as a result of [ **** in the quantum unity of a 
superconductivity state ] being divided, in the grain boundary to which the crystal stacking 
tendency was confused, it will be thought that the fall of a superconductivity property, especially 
critical current density is caused. Moreover, it is thought that the aforementioned oxides 
superconductors will be in an a-axis and the polycrystal state which has not carried out b-axis 
orientation for the oxide superconductivity layer 3 growing so that it may have consistency into 
an interlayer s 2 crystal when forming the oxide superconductivity layer 3, since the interlayer 2 
formed in the bottom of it is in an a-axis and the polycrystal state which has not carried out fa- 
axis orientation. 

[0010] By the way, the technology which forms various kinds of orientation films on the base 
material of the polycrystalline substance in addition to the applicable field of the aforementioned 
oxides superconductors is used, for example, although it is fields, such as a field of an optical 
thin film, a field of a magneto-optic disk, a field of a wiring substrate, a RF waveguide, and a high 
pass filter, a cavity resonator, also in which technology, the good polycrystal thin film of the 
stacking tendency by which membraneous quality was stabilized is formed on a base material — 



things have been technical problems That is, if quality, such as an optical thin film which will be 
formed on it if the crystal stacking tendency of a polycrystal thin film is good, a magnetic thin 
film, and a thin film for wiring, improves and the direct formation of the good optical thin film of a 
crystal stacking tendency, a magnetic thin film, the thin film for wiring, etc. can be further carried 
out on a base material, in addition, it will be desirable. 

[0011] Moreover, as core material of the magnetic head used in a high-frequency band, it has 
high permeability and, also thermally, magnetic thin films, such as a stable permalloy or a 
Sendust, are put in practical use. Although these magnetic thin films were conventionally formed 
on the predetermined substrate of vacuum evaporation© or the spatter, control of the magnetic 
anisotropy of a magnetic thin film became it difficult that the stacking tendency of the crystal 
orientation of these magnetic thin films was a low thing, within the film surface, the direction of 
crystal grain became disorderly and they had the problem by which the RF property of 
permeability is spoiled. Moreover, the local fluctuation called a skew and ripple to the 
magnetization within a field as the shaft orientations of the crystallographic axis within a film 
surface are disorderly will occur, and the RF property of permeability will be spoiled as 
mentioned above. 

[0012] the oxide superconductivity equipped with offering the polycrystal thin film which could 
also arrange the a-axis and the b-axis of a crystallographic axis of crystal grain along the field 
parallel to a membrane-formation side, and was excellent in the crystal stacking tendency, while 
it was made in order that this invention might solve the aforementioned technical problem, and 
orientation of the c axis of a crystallographic axis can be carried out to the right-angle sense to 
the membrane-formation side of a base material, and the oxide-superconductivity layer excellent 
in the crystal stacking tendency — it aims at offering a conductor 
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MEANS 

[Means for Solving the Problem] In the method of beginning to beat the constituent particle of a 
target by sputtering, making deposit on a base material, and forming a polycrystal thin film on a 
base material, in order that invention according to claim 1 may solve the aforementioned 
technical problem The aforementioned constituent particle is made to deposit on a base material, 
irradiating the ion beam which the ion source generated from across to the membrane formation 
side of a base material with the degree of incident angle of the range of 50 - 60 degrees, in case 
the aforementioned constituent particle is made to deposit on a base material. 
[0014] In the method of beginning to beat the constituent particle of a target by sputtering, 
making deposit on a base material, and forming a polycrystal thin film on a base material, in order 
that invention according to claim 2 may solve the aforementioned technical problem While 
making the aforementioned constituent particle deposit on a base material, irradiating the ion 
beam which the ion source generated from across to the membrane formation side of a base 
material in case the aforementioned constituent particle is made to deposit on a base material 
Current density of the aforementioned ion beam is made into two or more 20microA/cm, and ion 
beam voltage is made into less than [ 700V ] or more by 150. 

[0015] Invention according to claim 3 makes the grain-boundary inclination of the crystal grain of 
the polycrystal thin film which sets the degree of incident angle of an ion beam as the range of 
55 - 60 degrees, and is formed on a base material less than 25 degrees in the manufacture 
method of a polycrystal thin film according to claim 1, in order to solve the aforementioned 
technical problem. 

[0016] Invention according to claim 4 uses an inactive gas ion or the mixed ion of inert gas and 
oxygen gas as ion according to claim 1 or 2, in order to solve the aforementioned technical 
problem. 

[0017] In order to solve the aforementioned technical problem, invention according to claim 5 
begins to beat the constituent particle of a target by sputtering, and is made to deposit it on a 
base material. In the manufacture method of a conductor the oxide superconductivity which 
forms a polycrystal thin film on a base material, and forms an oxide superconductivity layer 
subsequently to this polycrystal thin film top — Irradiating the ion beam which the ion source 
generated from across to the membrane formation side of a base material with the degree of 
incident angle of the range of 50 - 60 degrees, in case the aforementioned constituent particle is 
made to deposit on a base material, make a spatter particle deposit and a polycrystal thin film is 
formed. An oxide superconductivity layer is formed on this polycrystal thin film. 
[0018] In order to solve the aforementioned technical problem, invention according to claim 6 
begins to beat the constituent particle of a target by sputtering, and is made to deposit it on a 
base material. In the manufacture method of a conductor the oxide superconductivity which 
forms a polycrystal thin film on a base material, and forms an oxide superconductivity layer 
subsequently to this polycrystal thin film top — While making a spatter particle deposit, 
irradiating the ion beam which the ion source generated from across to the membrane formation 
side of a base material in case the aforementioned constituent particle is made to deposit on a 
base material Two or more 20microA/cm are formed for the current density of the 
aforementioned ion beam, a polycrystal thin film is formed for ion beam voltage as less than 



Ji 700V-J or more by 1 50, and an oxide superconductivity layer is formed on this polycrystal thin 
film. 

[0019] in order that invention according to claim 7 may solve the aforementioned technical 
problem — oxide superconductivity according to claim 5 or 6 — in the manufacture method of a 
conductor, the grain-boundary inclination of the crystal grain of the polycrystal thin film which 
sets the degree of incident angle of an ion beam as the range of 55 - 60 degrees, and is formed 
on a base material is made into less than 25 degrees 

[0020] Invention according to claim 8 is the manufacture method of the oxides superconductors 
characterized by growing the crystal of oxides superconductors epitaxially to the crystal of a 
polycrystal thin film in case an oxide superconductivity layer is formed on a polycrystal thin film 
according to claim 5, 6, or 7, in order to solve the aforementioned technical problem. 
[0021] Invention according to claim 9 is the manufacture method of the oxides superconductors 
according to claim 5, 6, 7, or 8 characterized by using an inactive gas ion or the mixed ion of 
inert gas and oxygen gas as ion in order to solve the aforementioned technical problem. 
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OPERATION 

[Function] As a result of activating a constituent particle efficiently since an ion beam is also 
simultaneously irradiated from the range of the 50 - 60 directions of slant of a base material in 
case the spatter particle begun to beat from the target by sputtering is made to deposit on a 
base material, in addition to a c axis stacking tendency, an a-axis stacking tendency and a b-axis 
stacking tendency also improve to the membrane formation side of a base material, consequently 
— even if it is the polycrystal thin film in which much grain boundaries were formed — both the 
a-axis stacking tendency for every crystal grain a b-axis stacking tendency and a c axis stacking 
tendency — although — it becomes good and the polycrystal thin film which improved is 
obtained Moreover, in order to activate the constituent particle in the case of a spatter, the 
mixed ion of argon ion or argon ion, and oxygen ion is desirable. 

[0023] In addition, this inventions assume the following things as a factor in which the crystal 
stacking tendency of the aforementioned polycrystal thin film is ready. In the unit lattice of the 
crystal of the cubic polycrystal thin film formed on the substrate, the directions of a substrate 
normal are <100> shafts, and each of other <010> shafts and <001> shafts serves as a direction 
which intersects perpendicularly with <100> shafts. If the ion beam which carries out incidence 
from across to a substrate normal is taken into consideration to these directions, when carrying 
out incidence along the direction of the diagonal line of a unit lattice, i.e., <1 1 1> shafts, to the 
zero of a unit lattice, it becomes the 54.7 degrees, of incident angle. A good crystal stacking 
tendency is shown here in the range whose degree of incident angle of an ion beam is 50 - 60 
degrees as mentioned above, The degree of incident angle of an ion beam is considered that the 
bird clapper is related before and after it in accordance with the 54.7 aforementioned degrees. In 
the crystal which ion channeling took place most effectively when these angles were in 
agreement or having been approximated, and has been deposited on a base material Only the 
atom which became the arrangement relation which is in agreement with the aforementioned 
angle on the upper surface of a base material becomes easy to remain alternatively. As a result 
of a spatter s being carried out by the spatter effect which the ion beam by which incidence is 
carried out aslant generates and being removed, only the crystal into which the good atoms of a 
stacking tendency gathered remained alternatively, and deposited the thing of the atomic 
arrangement to which others were confused, this became a cause and it presumes that in which 
a crystal stacking tendency is ready. 

[0024] Therefore, if too low, it will become the shortage of ion irradiation, the aforementioned 
effect is made hard to produce, and when ion beam voltage is too high, it will produce the spatter 
effect conversely and will disturb a crystal stacking tendency. As for the current density of the 
above thing to an ion beam, it is desirable to consider as two or more 20microA/cm, and, as for 
ion beam voltage, it is desirable to consider as less than [ 700V ] more than by 150V. 
[0025] Moreover, if an oxide superconductivity layer is grown epitaxially on the good polycrystal 
thin film of the aforementioned crystal stacking tendency, as a result of an oxide 
superconductivity layer s carrying out a crystal growth along with the crystal of a polycrystal thin 
film, what has an a-axis stacking tendency, a b-axis stacking tendency, and a c axis stacking 
tendency good [ an oxide superconductivity layer ] is obtained. 
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EXAMPLE 



[Example] Hereafter, the example of this invention is explained with reference to a drawing. The 
polycrystal thin film by which A was formed in the base material of a tabular and B was formed 
[ in / drawing 1 / drawing t shows one example in which the polycrystal thin film of this 
invention was formed on the base material, and ] in the upper surface of a base material A is 
shown: The aforementioned base material A can use the thing of various configurations, such as 
a plate, a wire rod, and tape material, and a base material A consists of metallic materials, such 
as silver, platinum, stainless steel, and copper, an alloy, various glass or various ceramics, etc. 
[0027] It comes to carry out junction unification through the grain boundary, and the c axis of 
the crystallographic axis of each crystal grain 20 is turned right-angled to the upper surface 
(membrane formation side) of a base material A, the a-axes and b-axes of a crystallographic axis 
of each crystal grain 20 are mutually turned in the same direction, and orientation within a field 
of much detailed crystal grain 20 in which the aforementioned polycrystal thin film B has the 
crystal structure of cubic system is carried out mutually. Moreover, orientation of the c axis of 
each crystal grain 20 is carried out right-angled to the membrane formation (upper surface) side 
of a base material A. And the a-axes (or b-axis) of each crystal grain 20 make those angles (the 
grain-boundary inclination K shown in drawing 2 ) to make less than 30 degrees, and junction 
unification is carried out. 

[0028] Next, the equipment which manufactures the aforementioned polycrystal thin film B is 
explained. Drawing 3 shows an example of equipment which manufactures the aforementioned 
polycrystal thin film B, and the equipment of this example has the composition of having 
prepared the ion gun for ion beam assistance in the sputtering system. 

[0029] The target 12 of a tabular with which opposite arrangement of the equipment of this 
example was carried out with the predetermined interval in the slanting upper part of the base- 
material electrode holder 1 1 which holds a base material A horizontally, and this base-material 
electrode holder 11, The spatter beam irradiation equipment 14 which the slanting upper part of 
the aforementioned base-material electrode holder 1 1 was countered with the predetermined 
interval, and the ion gun 13 which estranged with the target 12 and has been arranged, and the 
aforementioned target 12 set caudad, and has been arranged towards the inferior surface of 
tongue of a target 12 is constituted as a subject. Moreover, the sign 15 in drawing shows the 
target electrode holder holding the target 12. 

[0030] Moreover, the equipment of this example is contained by the vacuum housing of 
illustration abbreviation, and can hold the circumference of a base material A now in vacuum 
atmosphere. Furthermore, controlled-atmosphere sources of supply, such as a chemical cylinder, 
are connected to the aforementioned vacuum housing, and it can be made the inert gas 
atmosphere which is in low voltage states, such as a vacuum, about the interior of a vacuum 
housing, and contains the inert gas atmosphere or oxygen of argon gas or others now. 
[0031] In addition, when using a long metal tape (tapes, such as a product made from a 
Hastelloy, or a product made from stainless steel) as a base material A, it is desirable to 
constitute so that continuation membrane formation of the polycrystal thin film can be carried 
out on a tape-like base material by forming the sending-out equipment and take-up motion of a 
metal tape in the interior of a vacuum housing, and sending out a base material A and rolling 



round to the base-material electrode holder 11 with take-up motion continuously from sending- 
out equipment The aforementioned base-material electrode holder 1 1 equips the interior with a 
heating heater, and can heat now the base material A located on the base-material electrode 
holder 1 1 to the temperature of business. Moreover, the angle adjustment mechanism D is 
attached to the pars basilaris ossis occipitalis of the base-material electrode holder 1 1. This 
angle adjustment mechanism D is constituted considering the pedestal 7 which supports the up 
support plate 5 joined to the pars basilaris ossis occipitalis of the base-material electrode holder 
1 1 t the lower support plate 6 by which pin combination was carried out at this up support plate 5, 
and this lower support plate 6 as a subject. The aforementioned up support plate 5 and the lower 
support plate 6 are mutually constituted free [ rotation ] through a part for a pin bond part, and 
can adjust now the level angle of the base-material electrode holder 11. In addition, although the 
angle adjustment mechanism D in which the angle of the base-material electrode holder 11 was 
adjusted was established in this example, the angle adjustment mechanism D is attached in the 
ion gun 13, the degree of tilt angle of the ion gun 13 is adjusted, and you may make it adjust the 
degree of incident angle of an ion beam. Moreover, an angle adjustment mechanism cannot be 
restricted to the composition of this example, and, of course, the thing of various composition 
can be adopted. 

[0032] The aforementioned target 12 is for forming the polycrystal thin film made into the 
purpose, and the thing of the same composition as the polycrystal thin film of the target 
composition or approximation composition etc. is used for it What is necessary is not to restrict 
to this, although the zirconia (YSZ) specifically stabilized by MgO or Y203, MgO, SrTi03, etc. are 
used as a target 12, and just to use TAGETSU corresponding to the polycrystal thin film which it 
is going to form. 

[0033] Inside the container, the aforementioned ion gun 13 contains an evaporation source, pulls 
it out near the evaporation source, is equipped with an electrode and constituted. And it is 
equipment which it controls by the electric field which ionized a part of atom generated from the 
aforementioned evaporation source, or molecule, pulled out the ionized particle, and were 
generated in the electrode, and is irradiated as an ion beam. There are various things, such as a 
direct-current-discharge method, a RF excitation method, a filament formula, and a cluster ion 
beam method, in ionizing a particle. A filament formula is the method of carrying out energization 
heating at the filament made from a tungsten, making generate a thermoelectron, making collide 
with an evaporation particle in a high vacuum, and ionizing. Moreover, from the nozzle prepared 
in opening of the crucible to which the raw material was paid, by the thermoelectron, a cluster 
ion beam method carries out the shock of the cluster of the set molecule which comes out in a 
vacuum, ionizes it and emits it In this example, the ion gun 13 of the internal structure of 
composition of being shown in drawing 4 (a) is used. This ion gun 13 is constituted in preparation 
for the interior of the tubed container 16 in the drawer electrode 17, a filament 18, and the 
introductory pipes 19, such as Ar gas, and can irradiate ion in parallel with the shape of a beam 
from the nose of cam of a container 16. 

[0034] As shown in drawing 3 , the aforementioned ion gun 13 has the medial axis S, made it 
incline to the upper surface (membrane formation side) of a base material A with the degree 
theta of incident angle (angle of the perpendicular (normal) of a base material A, and a center 
line S to make), and has countered. Although this degree theta of incident angle has the 
desirable range of 50 - 60 degrees, the range of 55 - 60 degrees is the most desirable. 
Therefore, the ion gun 13 is arranged so that it may have with a tilt angle theta to the upper 
surface of a base material A and the incidence of the ion beam can be carried out In addition, 
the ion beam which irradiates a base material A according to the aforementioned ion gun 13 is 
good at the ion beam of rare gas, such as helium+, Ne+, Ar+, Xe+, and Kr+, or the mixed ion beam 
of them and oxygen ion. in order to prepare the crystal structure of a polycrystal thin film, a 
certain amount of atomic weight is required, and when it takes into consideration that it is thin 
ineffective with too much lightweight ion, it is desirable [ it is **, and ] to use ion, such as Ar+ 
and Kr+ 

[0035] The aforementioned spatter beam irradiation equipment 14 irradiates an ion beam in 
composition equivalent to the ion gun 13 to nothing and a target 12, and can begin to beat the 



^constituent particle of a target 12. In addition, with this invention equipment, since it is important 
that the constituent particle of a target 13 can be begun to beat, the seal of approval of the 
voltage is carried out to a target 12 by the high frequency coil etc., the constituent particle of a 
target 12 may be begun to beat, and it may constitute so that it may be possible, and the spatter 
beam irradiation equipment 14 may be omitted. 

[0036] Next, the case where the polycrystal thin film B of YSZ is formed on a base material A 
using the equipment of the aforementioned composition is explained. In order to form the 
polycrystal thin film B on a base material A, while using the target of YSZ, it enables it to 
irradiate the ion beam which the angle adjustment mechanism D is adjusted and is irradiated 
from the ion gun 13 at an angle of the range of 50 - 60 degrees on the upper surface of the 
base-material electrode holder 11. Next, vacuum length of the interior of the container which has 
contained the base material A is carried out, and it considers as reduced pressure atmosphere. 
And the ion gun 13 and the spatter beam irradiation equipment 14 are operated. 
[0037] If an ion beam is irradiated from the spatter beam irradiation equipment 14 at a target 12, 
the constituent particle of a target 12 will be begun to beat, and it will come flying on a base 
material A. And the mixed ion beam of Ar ion and oxygen ion is irradiated from the ion gun 13 at 
the same time it makes the constituent particle begun to beat from the target 12 deposit on a 
base material A. The degree theta of incident angle at this time of carrying out ion irradiation has 
50 - 60 most desirable degrees. If theta is made into 90 degrees here, although orientation of the 
c axis of a polycrystal thin film is carried out right-angled to the membrane formation side of a 
base material A, since a field (111) stands on the membrane formation side of a base material A, 
it is not desirable. Moreover, if theta is made into 30 degrees, a polycrystal thin film will not carry 
out even c axis orientation. If ion beam irradiation is carried out at an angle of the above 
desirable ranges, the field (100) of the crystal of a polycrystal thin film will come to stand. 
[0038] Although orientation of the a-axis and b-axis of a crystallographic axis of YSZ which are 
formed on a base material A can be carried out by performing sputtering, performing ion beam 
irradiation with such a degree of incident angle, it is thought that this is based on the result 
efficiently activated by having carried out ion beam irradiation at the suitable angle to the 
spatter particle in the middle of having deposited. [ of a polycrystal thin film ] 
[0039] In addition, this inventions assume the following things as a factor in which the crystal 
stacking tendency of this polycrystal thin film B is ready. The unit lattice of the crystal of the 
polycrystal thin film B of YSZ is a cubic as shown in drawing 4 (b), in this crystal lattice, the 
directions of a substrate normal are <100> shafts, and each of other <010> shafts and <001> 
shafts serves as a direction shown in drawing 4 (b). If the ion beam which carries out incidence 
from across to a substrate normal is taken into consideration to these directions, when carrying 
out incidence along the direction of the diagonal line of a unit lattice, i.e., <1 1 1> shafts, to the 
zero O of drawing 4 (b), it becomes the 54.7 degrees of incident angle. That a good crystal 
stacking tendency is shown in the range of the 50 - 60 degrees of incident angle as mentioned 
above here In the crystal which ion channeling took place most effectively and has deposited on 
a base material A when the degree of incident angle of an ion beam comes before and after it in 
accordance with the 54.7 aforementioned degrees Only the atom which became the arrangement 
relation which is in agreement with the aforementioned angle on the upper surface of a base 
material A becomes easy to remain alternatively. The thing of the atomic arrangement to which 
others were confused presumes what only the crystal into which the good atoms of a stacking 
tendency gathered remains alternatively, and deposits, as a result of a spatters being carried out 
by the spatter effect of an ion beam and being removed. 

[0040] The aforementioned effect is made hard to become the shortage of ion irradiation and to 
produce from the above thing, if the ion beam voltage at the time of irradiating an ion beam is 
too low, and when too high, conversely, the spatter effect becomes high and will disturb a crystal 
stacking tendency. As for the current density of the above thing to an ion beam, it is desirable to 
consider as two or more 20microA/cm, and, as for ion beam voltage, it is desirable to consider 
as less than [ 700V ] more than by 1 50V. 

[0041] The base material A which the polycrystal thin film B of YSZ deposited on drawing 1 and 
drawin g 2 by the aforementioned method is shown. In addition, although drawin g 1 shows the 



^state where one layer of crystal grain 20 was formed, of course, it does not interfere by the 
multilayer structure of crystal grain 20. 

[0042] next, the oxide superconductivity which drawing 5 and drawin g 6 require for this invention 
— what shows one example of a conductor — it is — the oxide superconductivity of this 
example — the conductor 23 consists of an oxide superconductivity layer C formed in the upper 
surface of the polycrystal thin film B formed in the upper surface of the base material A of a 
tabular, and this base material A, and the polycrystal thin film B The aforementioned base 
material A and the polycrystal thin film B consist of material equivalent to the material explained 
in the previous example, and crystal orientation of the crystal grain 20 of the polycrystal thin film 
B is carried out so that it may become less than 30 grain-boundary inclinations, as shown in 
drawing 1 and drawing 2 . 

[0043] Next, the oxide superconductivity layer C is covered by the upper surface of the 
polycrystal thin film B, orientation of the c axis of the crystal grain 23 is carried out right-angled 
to the upper surface of the polycrystal thin film B, orientation within a field is carried out along a 
field parallel to the base-material upper surface like the polycrystal thin film B of the crystal 
grain 23 — which explained the a-axis and the b-axis previously, and grain-boundary inclination 
K' which crystal grain 23 form is made into less than 30 degrees. The oxides superconductors 
which constitute this oxide superconductivity layer Composition Y1Ba2Cu30x, Y2Ba4Cu80x, and 
Y3Ba3Cu60x — Or (Bi, Pb) 2calcium2Sr2Cu30x, composition which becomes 4 Ox 3 Cu 2 Sr 2 
(Bi, Pb) calcium, or TI2Ba2calcium2Cu30x, TI1Ba2calcium2Cu30x, and TI1Ba2calcium3Cu40x — 
they are oxides superconductors with the high critical temperature represented by composition 
etc. 

[0044] Next, the equipment which forms the oxide superconductivity layer C is explained. 
Drawing 7 shows an example of the equipment which forms an oxide superconductivity layer by 
the forming-membranes method, and drawing 7 shows laser vacuum evaporation© equipment 
The laser vacuum evaporationo equipment 30 of this example has the processing container 31, 
and can install now a base material A and a target 33 in the vacuum evaporationo processing 
room 32 inside this processing container 31. That is, while a pedestal 34 is formed in the bottom 
of the vacuum evaporationo processing room 32 and being able to install a base material A in the 
upper surface of this pedestal 34 in the level state, the target 33 supported by the support 
electrode holder 36 is formed in the slanting upper part of a pedestal 34 in the state of the 
inclination. It connects with the evacuation equipment of illustration abbreviation through an 
exhaust hole 37, and the processing container 31 can decompress the interior now to a 
predetermined pressure. 

[0045] The aforementioned target 33 consists of boards, such as a sintered compact of 
equivalent to the oxide superconductivity layer C which it is going to form, or the multiple oxide 
which made much approximated composition or many components which are easy to flee during 
membrane formation contain, or oxides superconductors. The aforementioned pedestal 34 is 
what built in the heating heater, and can heat a base material A now to desired temperature. 
[0046] Laser luminescence equipment 38, the 1st reflecting mirror 39, a condenser lens 40, and 
the 2nd reflecting mirror 41 are formed in the side of the processing container 31, and it has 
come to be, able to carry out the convergent radiotherapy of the laser beam which laser 
luminescence equipment 38 generated to a target 33 on the other hand through the transparent 
aperture 42 in which it was attached by the side attachment wall of the processing container 31. 
As long as laser luminescence equipment 38 can begin to beat a constituent particle from a 
target 33, it may use which things, such as an YAG laser, a C02 laser, and an excimer laser. 
[0047] Next, the case where the oxide superconductivity layer C is formed on the polycrystal 
thin film B of Above YSZ is explained. If the polycrystal thin film B of YSZ is formed on a base 
material A as mentioned above, an oxide superconductivity layer will be formed on this 
polycrystal thin film B. When forming an oxide superconductivity layer on the polycrystal thin film 
B, in this example, the laser vacuum evaporationo equipment 30 shown in drawing 7 is used. 
[0048] It installs on the pedestal 34 of the laser vacuum evaporationo equipment 30 which shows 
the base material A in which the polycrystal thin film B was formed to drawing 7 , and the 
vacuum evaporationo processing room 32 is decompressed with a vacuum pump. Oxygen gas is 



introduced into the vacuum evaporation© processing room 32 here if needed, and it is good also 
considering the vacuum evaporationo processing room 32 as an oxygen atmosphere. Moreover, 
the heating heater of a pedestal 34 is operated and a base material A is heated to desired 
temperature. 

[0049] Next, the convergent radiotherapy of the laser beam which made it generate from laser 
luminescence equipment 38 is carried out to the target 33 of the vacuum evaporationo 
processing room 32. By this, whether the constituent particle of a target 33 begin to be scooped 
out evaporates, and the particle deposits on the polycrystal thin film B. Since the polycrystal 
thin film B carries out c axis orientation beforehand and is carrying out orientation also of an a- 
axis and the b-axis in the case of deposition here of a constituent particle, it grows epitaxially 
and crystallizes so that the c axis, a-axis, and b-axis of the crystal of the oxide 
superconductivity layer C which are formed on the polycrystal thin film B may also be adjusted 
in the polycrystal thin film B. The good oxide superconductivity layer C of a crystal stacking 
tendency is obtained by this. 

[0050] Although the oxide superconductivity layer C formed on the aforementioned polycrystal 
thin film B will be in a polycrystal state, in each of the crystal grain of this oxide 
superconductivity layer C, as shown in drawing 6 , the c axis which cannot pass the electrical 
and electric equipment easily in the thickness direction of a base material A carries out 
orientation of it, and a~axes or b-axes are carrying out orientation to the longitudinal direction of 
a base material A. Therefore, the obtained oxide superconductivity layer is excellent in the 
quantum unity in the grain boundary, since there is little degradation of the superconductivity 
property in the grain boundary, it is easy to pass the electrical and electric equipment in the 
direction of a field of a base material A, and what was excellent in critical current density is 
obtained. 

[0051] On the other hand, drawing 8 shows other examples of the equipment for manufacturing a 
polycrystal thin film. The same sign is given to a component equivalent to the equipment 
indicated to drawing 3 in the equipment of this example, and those explanation is omitted. 
Differing from the equipment shown in drawing 3 in the equipment of this example is the point of 
having formed three targets 12, having formed three spatter beam irradiation equipments 14, and 
having connected RF generator 29 to the base material A and the target 12. 
[0052] With the equipment of this example, since begin to beat the particle of another kind, 
respectively, it is made to deposit on a base material A and a bipolar membrane can be formed 
from three targets 12, 12, and 12, there is the feature which can also manufacture the 
polycrystal film of more complicated composition. Moreover, RF generator 30 can be operated 
and a spatter can also be carried out from a target 12. When enforcing the aforementioned 
method using the equipment of this example, the polycrystal thin film which was excellent in the 
stacking tendency like the case of the equipment shown in drawing 3 can be obtained. 
[0053] (Example of manufacture) The equipment of composition of being shown in drawing 3 was 
used, vacuum length of the interior of a container which contained this equipment was carried 
out with the vacuum pump, and it decompressed to 3.0x10 to 4 torrs. The base material used 
Hastelloy C276 tape with 0.5mm [ in width of face of 10mm, and thickness ], and a length of 
10cm. The target set the degree of incident angle of the beam of spatter voltage 1000V, 100mA 
of spatter current, and the ion source as 55 degrees using the thing made from YSZ (stabilized 
zirconia), the assistant voltage of the ion source was set as 300V, the current density of an ion 
beam was set as 10-70microA/cm2, respectively, on the base material, ion irradiation was 
performed simultaneously with sputtering and the YSZ layer of the shape of a film with a 
thickness of 0.3 micrometers was formed. The current density of the aforementioned ion beam is 
based on the count value of the current density metering device grounded near the sample here. 

[0054] The X diffraction examination by the theta-2theta method for having used CuK alpha rays 
about each obtained polycrystal thin film sample of YSZ was performed. Drawing 10 - drawing 13 
are drawings showing 55 incident angles of the ion source, and the diffraction strength of the 
sample which measured the current density of an ion beam by ion beam voltage 300V, 
respectively to 10microA/cm2, 20microA/cm2, 40microA/cm2, and 70microA/cm2. From the 



result §hown in drawing 10 - drawing 13 , the current density of an ion beam by the sample set 
as 20-70microA/cm2 The peak of the field (200) of YSZ or (400) a field is accepted, and that in 
which the field (100) of the polycrystal thin film of YSZ is carrying out orientation along the field 
parallel to a base-material front face can be presumed. It became clear that the polycrystal thin 
film of YSZ carries out orientation of the C shaft at right angles to the base-material upper 
surface, and is formed. In addition, the peak of YSZ is not seen if it is in the sample which made 
ion beam current density 10microA/cm2 from the result shown in drawing 10 . Therefore, when 
ion beam current density was too low, it became clear that control of the crystal stacking 
tendency of a polycrystal thin film cannot be performed. 

[0055] Then, drawing 14 - drawing 17 show the pole figure in each aforementioned sample. By 
the sample which made current density of an ion beam 10microA/cm2, a c axis stacking 
tendency was not seen but the result shown in drawing 10 - drawing 13 and the equivalent result 
were obtained so that clearly from these drawings. It became clear that the current density at 
the time of irradiating an ion beam from the above thing is two or more 20microA/cm need. 
[0056] Drawing 18 - drawing 20 are drawings, showing the diffraction strength of the sample 
which changed ion beam voltage and ion beam current suitably, and measured them with the 90 
degrees of incident angle of the ion source. The beam current shown in each drawing here shows 
the current for loads of the ion gun used for the experiment. From the result shown in drawing 
18 - drawing 20 , even if it set the degree of incident angle of the ion source as 90 degrees, the 
peak (200) and peak (400) of YSZ could be accepted, and sufficient stacking tendency was 
accepted about the c axis stacking tendency. 

[0057] Next, in each sample by which c axis orientation was carried out as mentioned above, it 
measured whether the a-axis or b-axis of a YSZ polycrystal thin film would carry out orientation. 
For the measurement, as shown in drawing 21 , while irradiating an X-ray at an angle theta at the 
polycrystal thin film of YSZ formed on the base material A In the vertical plane containing an 
incidence X-ray, install the X-ray counter 25 in the position of the angle of 2theta (58.7 degrees) 
to an incidence X-ray, and the value of the level angle phi to the vertical plane containing an 
incidence X-ray is changed suitably. That is, the stacking tendency of the a-axes of the 
polycrystal thin film B or b~axes was measured by measuring the diffraction strength obtained 
when only an angle of rotation phi makes it rotate as a base material A is shown in an arrow in 
drawing 21 . The result is shown in drawing 22 and drawing 23 . 

[0058] When a diffraction peak does not appear in the case of the sample which set the degree 
of incident angle of an ion beam as 55 degrees, and manufactured it as shown in drawing 22 , but 
phi is made into 90 degrees and 0 times, the peak of the field (311) of YSZ has appeared every 
90 degrees to the angle of rotation phi. This is equivalent to the peak (01 1) of YSZ within a 
substrate side, and it became clear that the a-axes or b-axes of a YSZ polycrystal thin film is 
carrying out orientation. On the other hand, as shown in drawing 23 , in the case of the sample 
which set the degree of ion beam incident angle as 90 degrees, and manufactured it, a special 
peak was not seen but that it is disorderly made an a-axis and b shaft orientation clear. 
[0059] It became clear that the polycrystal thin film of the sample manufactured by the 
aforementioned equipment from the above result is carrying out orientation of a-axes and the fa- 
axes as well as c axis orientation. Therefore, it became clear that polycrystal thin films, such as 
YSZ excellent in the stacking tendency, can be manufactured. 

[0060] On the other hand, drawing 24 shows the result which examined the crystal stacking 
tendency in each crystal grain of the polycrystal layer of this sample using the sample of a YSZ 
polycrystal thin film used by drawing 22 . In this examination, when performing an X diffraction by 
the method previously explained based on drawing 21 , the diffraction peak at the time of setting 
the angle of phi as the value of serration 5 times to -ten - 45 degrees is measured. Although the 
diffraction peak of the polycrystal thin film of YSZ obtained from the result shown in drawing 24 
appears in less than 30 grain-boundary inclinations, its having disappeared is clear at 45 degrees. 
Therefore, having fitted in less than 30 degrees made clear the grain-boundary inclination of the 
crystal grain of the obtained polycrystal thin film, and it became clear to have a good stacking 
tendency. 

[0061] Next, ion beam voltage was set as each value of 500V, 700V, 200V, and 150V on 



conditions almost equivalent to the aforementioned manufacture conditions, and the X diffraction 
examination was performed about the sample which set the current density of an ion beam as 
each value of 40microA/cm2, 50microA/cm2, 20microA/cm2, and 30microA/cm2, and 
manufactured it Those results are shown in drawing 25 - drawing 29 . 

[0062] Moreover, the relation of the above ion beam voltage and ion beam current density which 
were obtained from the test result shown in drawin g 25 - drawing 29 , and the relevance of the 
crystal stacking tendency of a polycrystal thin film are shown in drawing 30 . From the result 
shown in drawing 30 , even if each of ion beam voltage and ion beam current density is too high 
and it is too low, it is unsuitable, it is more than 150V, and ion beam voltage needs to be fewer 
than 700V, and it became clear that the current density of an ion beam is required for two or 
more 20microA/cm. 

[0063] Next, the current density of 300V and an ion beam is set as 40microA/cm2, ion beam 
energy is set as 300eV for ion beam voltage, and when the degree of incident angle of an ion 
beam is changed to zero - 65 degrees and a polycrystal thin film is manufactured, the relation 
between the degree of incident angle in the distribution of the direction (111) of the crystal of 
the obtained polycrystal thin film and full width at half maximum is shown. In addition, all the 
aforementioned half-the-price values asked for the pole figure as shown in drawing 1 6 about 
each obtained sample, and when the auxiliary wires e and f as shown in drawing 16 from the 
center of this pole figure were drawn, they asked for it, the half angle, i.e., the peak ratio half, of 
the angle alpha which these auxiliary wires e and f make. The bird clapper became [ the crystal 
stacking tendency ] clear good in the range whose degree of incident angle of the result shown 
in drawin g 31 to an ion beam is 50 - 60 degrees. Moreover, it also became clear by making the 
degree of incident angle of an ion beam into 55 - 60 degrees especially that a grain-boundary 
inclination is made to the minimal value of about 25 degrees. 

[0064] Next, the oxide superconductivity layer was formed using the laser vacuum evaporationo 
equipment of composition of being shown in drawing 7 on the aforementioned polycrystal thin 
film, as a target — Y0.7Ba1.7Cu 3.007-x — the target which consists of oxides superconductors 
of composition was used Moreover, the interior of a vacuum evaporationo processing room was 
decompressed to 10 to 6 torrs, and laser vacuum evaporationo was performed at the room 
temperature. ArF laser with a wavelength of 1 93nm was used as laser for target evaporation. 
Then, it heat-treated in 60 minutes and in oxygen atmosphere by 400 degreeC. The obtained 
oxides superconductors are things with a width of face [ of 0.5mm ], and a length of 10cm. 
[0065] this oxide superconductivity — the result which cooled the conductor and performed 
measurement of critical temperature and critical current density — critical temperature =90K 
Critical-current-density =500000 A/cm2 was shown, and it has checked demonstrating a very 
excellent superconductivity property. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the block diagram showing the polycrystal thin film formed by this 
invention method. 

[Drawing 2] Drawing 2 is the expansion plan showing the crystal grain, its crystal orientation, and 
grain-boundary inclination of the polycrystal thin film shown in drawing 1 . 

[Drawing 3] Drawing 3 is the block diagram showing an example of equipment which enforces this 
invention method and manufactures a polycrystal thin film on a base material. 
[Drawing 4] Drawing 4 is the cross section showing an example of the ion source of the 
equipment shown in drawing 3 . 

[Drawing 5] Drawing 5 is the block diagram showing the oxide superconductivity layer formed on 
the polycrystal thin film shown in drawing 1 . 

[Drawing 6] Drawin g 6 is the expansion plan showing the crystal grain, its crystal orientation, and 
grain-boundary inclination of the oxide superconductivity layer shown in drawing 5 . 
[Drawing 7] Drawing 7 is the block diagram showing an example of the equipment for forming an 
oxide superconductivity layer on a polycrystal thin film. 

[Drawing 8] Drawing 8 is the block diagram showing other examples of this invention equipment 
[Drawing 9] Drawing 9 is the block diagram showing the polycrystal thin film manufactured with 
conventional equipment 

[Drawing 10] Drawing 10 is a graph which shows the X diffraction result of the polycrystal thin 
film manufactured by the 55 degrees of ion beam incident angle, and ion beam voltage 300 
current-density [ V and ion beam ] A/cm2 of 10micro. 

[Drawing 11] Drawing 1 1 is a graph which shows the X diffraction result of the polycrystal thin 
film manufactured by the 55 degrees of ion beam incident angle, and ion beam voltage 300 
current-density [ V and ion beam ] A/cm2 of 20micro. 

[Drawing 12] Drawing 1 2 is a graph which shows the X diffraction result of the polycrystal thin 
film manufactured by the 55 degrees of ion beam incident angle, and ion beam voltage 300 
current-density [ V and ion beam ] A/cm2 of 40micro. 

[Drawing 13] Drawing 13 is a graph which shows thef X diffraction result of the polycrystal thin 
film manufactured by the 55 degrees of ion beam incident angle, and ion beam voltage 300 
current-density [ V and ion beam ] A/cm2 of 70micro. 

[Drawing 14] Drawing 14 is the pole figure of the polycrystal thin film manufactured by the 55 
degrees of ion beam incident angle, and ion beam voltage 300 current-density [ V and ion beam ] 
A/cm2 of 10micro. 

[Drawing 15] Drawing 15 is the pole figure of the polycrystal thin film manufactured by the 55 
degrees of ion beam incident angle, and ion beam voltage 300 current-density [ V and ion beam ] 
A/cm2 of 20micro. 

[Drawing 16] Drawing 16 is the pole figure of the polycrystal thin film manufactured by the 55 
degrees of ion beam incident angle, and ion beam voltage 300 current-density [ V and ion beam ] . 
A/cm2 of 40micro. 

[Drawing 17] Drawing 17 is the pole figure of the polycrystal thin film manufactured by the 55 
degrees of ion beam incident angle, and ion beam voltage 300 current-density [ V and ion beam ] 



A/cm2 jof 70micro. 

[Drawing 18] Drawing 18 is a graph which shows the 90 degrees of ion beam incident angle, ion 
beam voltage 300V, 25mA of ion beam current, and the X diffraction result of the polycrystal thin 
film manufactured by 45mA. 

[Drawing 19] Drawing 1 9 is a graph which shows the X diffraction result of the polycrystal thin 
film manufactured by the 90 degrees of ion beam incident angle, ion beam voltage 500V, 15mA of 
ion beam current, 25mA, and 35mA. 

[Drawing 20] Drawing 20 is a graph which shows the X diffraction result of the polycrystal thin 
film manufactured with the 90 degrees of ion beam incident angle, ion beam voltage 700V, and 
25mA of ion beam current 

[Drawing 21] Drawing 21 is a block diagram for explaining the examination performed in order to 
investigate the a-axis and b-axis stacking tendency of a polycrystal thin film. 
[Drawing 22] Drawing 22 is a graph which shows the diffraction peak of the field (31 1) of the 
manufactured polycrystal thin film. 

[Drawing 23] Drawing 23 is a graph which shows the diffraction peak of the field (31 1) of the 
manufactured polycrystal thin film. 

[Drawing 24] Drawing 24 is a graph which shows the diffraction peak for every five angle of 
rotation of the obtained polycrystal thin film. 

[Drawing 25] Drawing 25 is a graph which shows the X diffraction result of the polycrystal thin 
film manufactured by the 55 degrees of ion beam incident angle, and ion beam voltage 500 
current-density [ V and ion beam ] A/cm2 of 40micro. 

[Drawing 26 ] Drawing 25 is a graph which shows the X diffraction result of the polycrystal thin 
film manufactured by the 55 degrees of ion beam incident angle, and ion beam voltage 700 
current-density [ V and ion beam ] A/cm2 of 40micro. 

[Drawing 27] Drawing 27 is a graph which shows the X diffraction result of the polycrystal thin 
film manufactured by the 55 degrees of ion beam incident angle, and ion beam voltage 200 
current-density [ V and ion beam ] A/cm2 of SOmicro. 

[Drawing 28] Drawing 28 is a graph which shows the X diffraction result of the polycrystal thin 
film manufactured by the 55 degrees of ion beam incident angle, and ion beam voltage 200 
current-density [ V and ion beam ] A/cm2 of 20micro. 

[Drawing 29] Drawing 29 is a graph which shows the X diffraction result of the polycrystal thin 
film manufactured by the 55 degrees of ion beam incident angle, and ion beam voltage 1 50 
current-density [ V and ion beam ] A/cm2 of 30micro. 

[Drawing 30] Drawing 30 is drawing showing the relation of the crystal stacking tendency of the 
manufactured polycrystal thin film with ion beam voltage and ion beam current density. 
[Drawing 31] Drawing 31 is a graph which shows the relation between the degree of incident 
angle of an ion beam, and the full width at half maximum of the obtained polycrystal thin film. 
[Description of Notations] 

A — Base material B — Polycrystal thin film C — Oxide superconductivity layer, 

K, K' — Grain-boundary inclination theta — The degree of incident angle phi — - Angle of rotation 

11 — Base-material electrode holder 12 — Target 13 — Ion gun, 

20 — crystal grain 22 — oxide superconductivity — conductor 23 — crystal grain, 
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- -a-rs^offir^i-^ec^^ia^Lx^s^s^ 

x^5J8A«-*3^x. SW<o±ffix-ffirlE«S^-a-f-6 

*aHgiRttK»oX*»U r^sj^Elir^oXjgASa 
[0 0 2 4] ^oX-T^-V't'-ASJEliiSig^^^^^- 

>Bait^a^*oxs(ri2?»* i S:*c^< < u M-rsra 
20 tia^^/V^^***^T-iSAEr^tt*aLXi>* 3 

(i2 0MA/cm 2 J^±<l:t^<l:^L<, -f^V 
fc'-AfUEtei 5 0 V£A±X-7 0 0V*li:«C^v 

[oo25].*^ meisAeratt^A^^^Affn 

tf . lfefc«l»B*Wp AMRoflr A I- » o x « A* 

30 [ 0 0 2 6 ] 

immw] £xr. mm&&mvx*&w<pmmM\z^ 
£>g«\ B«a;»A©-±-ffi^*j«**tfc#jeA»Bi*:^ 

40 [0 0 2 7] flfrfE#i|gA»J«Bfi, ^*A*^ieA»j& 
*#-r-6*lB*iBAtt2 0 3i^ ttSlcJBAttff*: 
^UX«^-(*ft**bXft9. »«Att2 0^|iH^ 
c#fi£«-Aco±® (^BlfB) (^*tUXi£«^Sjfte) 
ti. #^A^2 oco»Att<Oa«i4f 5 b^ctt/bfft^^ 

utt, s>Mw[fg— ^fpj(w[6]ft^ttx®rtiaiRi$tLX^ 

5o #JBA»2 oeocttjftsSWAO (±ffi) AJR 

ffitcituXiSftJciarpjSttXt^o' ^rLX *HSA*t2 

(B2l:^t«#IAK) *3 0««rtl-LX8S*-ft: 
50 {b^tbXl^o 
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[0 0 2 8] &^«HE#ife*SWBB*»iS-r6«lB^o 

[0029] *w^3e«ii, a»A**3p^«»-r«* 

£*U 9 — V 1 2 £«MLT6a«£*xfc*f #• 10 

V#>-1 3 £ N fflrlB^-ys/ h 1 2C9T*I-*5^T*- 

[0.0 3 0] *HftW^K«ttE^liiSoJtggW* 

# 6 «t 5 fcfto-Cl^a. 3E^'«HEKffl*«lCtt, 

JS*^#H*^-T5r t S J: 5 l:4otv^. : 
[0 0 3 1 ] fc*3, SWAtltl^^ilf-/ </n 

-5-J:5lw»fi8:-r6^^ds#^Ui/\ tffrfBS»*/i^ l l 

*irt8u^*pf» t — * *m it, &tt^/uy 1 1 <D±\z{£m 30 
*^fc*»A*Bfffl«)ia*^iPiR-e#*J: 5i;ftot^ 

*K ft £WSE**D&>f 1 3fc*9ftftT-fV*- 

[0 0 3 2] m&*->fv hi 2tt, B ft 

* — #y b 1 2 t UTAttftlCtt* MgO*>5^ttY 2 
0 3 -C^^fcUfc^/W==r (YSZ) , MgO, Sr 50 
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[00 3 3] SME-Y 1 3 % 

l^Tfi* P4 (a) fc^-r»J«(Orta5«|agO-f 

13S:ffli/>6. i^ty^/ynii Motil 6 

[0 0 3 4] MIB-f ^jtf V 1 3 fi N HI 3 Iw^i" J; 5 I- 
^Ot^«.SS:S*fAOlffi (dcJKffi) JwWUtAStft 
ge (I»A(DI8 (ffi*jO tWis^o^tM) 

5 0 — 6 Ofi^j6Hd5#* HO**. 5 5~6 0fi<^tSH 

S§ot>ft^yi3iiStt'Ao±ffi 

rSltAt^BB^TS-r^^tr— He\ Ne + X A 
[0 0 3 5] flME*'^ ^ tf- AB8»3S« 1411 -f 2j- 

pp#m-rr k&x$zi><Dxhz>o **5. *»M3SBx- 

4f-e«flESr'Bi^rUT^-y y h 1 2 (7)«S|^kT-iSrPn^ W 
L^Iffi/jfJ:5«-»*U tf-AfiB»3SBl 4$: 

[0 0 3 6] ^(cWI2«^O^B^ffl^TS«A±lCY 
SZW*»*SHIlBSr**-r6»&^o^TttWr6. 
a«-A±{c*jeaWIKBS:«fiK-r5^tt, YSZ(0^- 
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1 10±®ic5 0-6 0S9®H^^ST^ttX*#6J: 
3l#LT®J£#H^£t-6o ^LT^ 2h>-;tf >- 1 3 i: 

[0037] *s<v* K*-j±mMmmi 4^f>^-^ 

h 1 2{3L^^Vb'-^^^i-6ir, V 1 2(7) 

^tti-5I^^A#t^S0 fi. 5 0-6 0S^St)»*l 

fiKRffi±^ (l 1.1) ffi*sSto9t?»*U<*vs * 
7c. 6 «r 3 t5 #8i*Ilic(|Beit6 I 

* < ft So tffl!E*> «t 5> c^mm<Dftmx^ tr 
-^KI^6ftfe.fi*i6**K<©IS*<o (ioo) .ffij&s 
:£oj;5l-ft£o , 

[0 0 3 8] C^<t ^ftAtt^aXM^^t'-A^Jt^ 

5 & * to * 5/ * l xmm tt&v* *isy?- 
[oo3 9] ft*3_ % d<^#jBa»ffliBo«siarRjtt^SE. 

YSZ05*iB**l«B<O|S*^^»*«*. B4.(b) 

s«^^^< ioo >*re*>5\ o i b >« 
if< o o i ><*m^-fixt>H4 (b) m^-r^ft^ft 

^A^i-s-r ^^t'-A^jf-rs t. M4 <b) <oir 

^Oi^LT*fi^^^i*faj, W*>, < 1 1 1 > 
tt(:SotA»t5«^(i5 4.-7«0>AJ*ft£i:ft 
.5, ^ r <fc ^ CAMS 5 0-60 g<7)|51 1* 

ftj8Fft»»ElPltt4:^-rri:f4. ^ ^ tf-A(DA#t£ 

A±n±sgLTi>6JBf B ^^^x m&A<n±mxiftfz 

[0 0 4 0] J^JhcDr £a>ib> >f A&RMt-rs 
KfiO-f^Vtf-A SEE teffii® g&t'f*' % >HUtt?F& lw ft 

»*a*W< ftotweiflttftair L£ 5 r * irft 
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A/cm 2 mi:n:i:«L<, -ftyt'-Al 
ffittl 5 0 VBLL.X7 0 0 V*S5£-r6w£as#3; L 

[0041] mitm2\z, HtrfEo^&xYs z^#sg 
swRBdsi(iarstLfesw-ASr^-r„ ft**, m i -c«a" 

[0042] ms tmen^m^^mitmm 
\ mot ztitz mimmmmm c^^iot^So *jies 

A £ 

Hi t m 2 ic^.-T J: 5 teJMMWl 3 o«arti:4 5 X 5 

- [0043] m^mmmmmmcn, &m&mmB 

20 fi*j|g'S*lBBO±ffitc^UTii[A(qtelpJS^x ^<o*£ 

"S82 3 •£> a tt£ b ttfcMfcKKW Ufc#<8*»ffltB^" 

2 3 if 3 L^^i-63K#{®^K' f*3 OS^C^ 

I4 X Y 1 Ba 2 Gu30x, Y 2 Ba 4 C u 8 Ox N Y 3 Ba 3 C u 6 
<.Oxfe<5JBj& *>£VMi (Bi.Pb) 2 Ca 2 Sr 2 c : u 3 
Ox. (Bi, Pb) 2 Ca 2 Sr 3 C u 4 Ox> c C6M, £> 
£l>fi> T l 2 Ba 2 C a 2 Cu 3 Ox, T 1 r B a 2 C a 2 C 
u 3 Ox, T 1 r B a 2 C a 3 C.u 4 Oxft6mfix:ft<if(Cft^ 

[0044] M~mk®mnmmc&m!&^zmm\^ 

^i-5^g^-M^^rt>cox\ H 7 f± U'-lf 3R#S6« 

^Lt^5o rcO0iJ<7)W— ^^B3 OfL *£3I^ 
«3 1*;firU £*>«y®S*3 IOrt«ffl^K**&3M3 
2lcS«-A ir^-^5/ h 3 3£f£fiX#6c£5t-ftoX 

' C(75S-&3 4(^±ffi{cS«-A&7jc5p«ffiX-K:aX 

^SJ: ^l-ftoX^'S^i:^^, 4 i-&3 4^»*C)±*K' 
40 3K«P*/^3 eiaot^^ixfc^ 1 -^^ h 3 3"dSffl 

7*>UXH^ftW*SS^»B»-S»S^Xrt»*0f 

[0045] mriE^-y^/ h 3 3*4. jk^uj: o t~r^> 
^»^«ne**> -&> M4K^«jja«»*ft if <nmm* & ft 

oX^5o WieS-&3 4ttADfRt-^Srrt«Ufct^ 
50 5 0 
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[0 04 6] mm®& 3 1 0>«2r ICR* -9 s * 

ytmW.3 8 igSlR*H»3 9 fc«*l/yX4 0 tm2R 

fcu— J* tf— 3 l^BBUltt 

aH«4 24r^LX^-yy h3 3fc»*BW*-C**5J: 

5lc*oT^S 0 1f5l3felSS3 8(i^-y$/ h 3 3 

AGl/-f, C0 2 ^-t\ hl^tv^U— -iFttifGHvr 

[0 0 4 7] ftKAME Y S Z WMSiiB <7>±tC. ®£ 10 

<E> J: 5 twS«-A±tw Y S Z £>£18iilftlKB SrJgfiR Ufc* 

[0 0 4 8] *«fi»BlBdS«J«StbfeS*fA*ig.7^ 

^-fi — ^«8*3S«3 0^3 4-bfcR«U as*^ 
asaf^as 3 2 ^sai;*;* £>ha Lt^itMi 3 2 £ 

[0 0 4 9] frit- l"-*?mytmW 3'8frh¥&±£lttz U 
-iFl:--- A £r3&3£'«ySS 3 2<D#—>fy b 3 3 ^*5tBR . 

*»JRB.±tc?gj«$^5»{l:»««#Bc^jes^ c «h 

t amt b#t^iSS*llB^S^i-'5J;5{-^fc:'^^ 
[0 0 5 0] me^Aff0lB±(3:^$tL^:iMb«jB 

WA<ojss*ft^s«*sKuic<i>c(*j65iarR)u 

[0 0 5 1] 1811 #JSa»)fiS:»igi-5yt«) 

Xm 3 {wis® Lfcglg <h 

0 3l^fgi<i:SoXl^WH- h 1 2£3 

flRrt. ^/<s/^i^-ABB»SSBl ; 4S:3«»lt; St* 
A£*-y* h 1 2Kiffj3IRttH2 9Sr8*LfcA.-e*> 

60 

. [0 0 5 2] C^gim 3®(D^-y>yhl 
2, 12. 12H> ^ix^ttSUfflom^-^op^aitT 50 
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a«-A±ic*tars*T*^«s:**-r 5 c t &xzz<n 
x\ xymmtemi&<o&m&mxi>mmx%zftm*& 

So ifcs Rffltt«K3 0*f^BS-fr-C^-yy M 2 

[ o .o 5 3 ] m 3 fc^r«J*<D3£««:teffl • 

HX3.0xi0" 4 K/HijyiEUCo Sftli, HI 
0mm, J^^O. 5mm. S^IO cmtfV^^D-YC 
2 7 6r-^ffifflUc, *-y*M*YSZ (2c£>ffc 
v?/un^r) §!^t><£>£:/Bl/\ X^s^WE 1 0 0 0 
■V, ^'^yfmM 1 0 0mA. >f tyl(7)tf-AWAW 
flfi*5 5fil:RHU -f^vaa^Tv^^ bSEE&3 0 
0VI:, >f t - 1 0 - 7 0 ^ A / c 

\C4 jTlsmM&ftteiXmZ 0. 3 /*mC0|R:R(E>Y S Z 

[0 0 5 4] #^^Y S Z^^SiWi^o^ 

tT^o/Co EI10— EI13fl. ^^OA&hft 5 5 

-Y ^m/E3 0 0 V"TM t^lf- A^^SlSJ 

At:. 1-6 m A/ cm 2 . 2 0m A / c m 2 . 4 0 /i A/c 
m 2 . 7 0 A/ c m 2 ^^^^ LfcfW^0#r3Si 

^Vtr—^^«8feSBff«:2 0-7 0^ A/cm 2 (ci£^ 
LfcK*»-C«U YSZ(D (2 0 0) (4 0 

o) ffi^tr— *#»«>p>*u YSzo#feSii^ (i 

W t ««t 6 C t *s f# / Y S Z ©#«fi»Rd^^ C 

fliBLt eii o»c*-t:«*35*6, ^<r>-t;-i* 

««E«fi*rl 0 /i A/cm 2 t LfcRfillifeoTttYS 

z tr— * # * & ti ft t \ i o x «< it >- tr— ^ mffiSJS 
^(£8 «r s t &&£kmm<Dm£kmftV£<Dfflw& x # * ^ 

[0 0 5 5] Ktl^THl 4 -Ell 7fi. WiEO#KW^ 

^/^ct b >f ^-V tT— J*<DnM&&%: lO/i A/ c m 
2 £ UfeW-CficWBBrpJttdSftfeH-r. E110~EI1 

3ic^-r^m<hf^^to^*^^^^^ 0 aiioci^ 

ib. ^^-Vfcr-AS:BHI*-r5l»<75maE?B«fi 2 o m A/ 

[00 5 6] m 1 8 —EI 2011 ^ tyJi^AltftS 9 
0 SfY it > tr- A®£E <h -Y ^-^ If- AtS^ltf jE 

^xmj£^tcum<D®ffi&£&^i-mxfoz> a ::t*«- 

^m«C^^UT^6o iai 8— m2 OfcTfrTifeMfrh. 
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4*^m<DAtttfiBE*:9 Ofii^LTtYSZ^ (2 

oo) (400) e-^^s^^r 

[oo5 7] m^s mu<D£ o\z c mmfat5titi&&m 

nzTjk-rxoiz, s^A±c«$nfcY s z 

frgaMKfctvT. AltXi»U2 0 (58.7 

S) <Dm&<D&m^xm*v>'*-2 sz&wi^ aw 

T, EP*>. g#A£:02 1 ic^T^t^-f J: 9l^tEl 
fe~tz> c <h ^ J; «9 ^yiMSlB co a tt ^ 5 L £ b $6 

[0 0 5 8] 1112 2\Z7jk-TX bXC4*l/\Z-^<07^Mi§ 
g^5 5S(^^LT^Lfc^^^, 0^rt-^ 
^*>fri\ *£9 0g<b0S<>:L/c#^ IP*>. [Hlte 
^<f)I^LX9 0g:fo£lCY S Z(7) (3 11) W<Dt 0 :— 

ftmfrtix^^o ^tm. stsffiWc^it^Yszo 

(011) t:W (C^^ UX*5 ^ YSZ ^fSiWllO 
[0 0 5 9] &±<Dl£MfrbffimmW^£<>XmmiSth 

fc. z^xmfomc&titcY sz.K t'<D&fe&mmzm 

[0 0 6 0] — 02 4fl. 0 2 2T'ffi^tYSZ# 
tt, HI 2 l^(C^(Clfe0^Ufc^XXj^[H]&r^fT^9 

ni£^tcm<D&m\i 9 -? zmi£^fci><Dx&>z> 0 024 
nmik^x\,^^kfrWbfrxhz> 0 ftox. m^titc 

[0 0 6 1] ^(CHfrf2^^^<i:»5^^^0^#T^ 
tyt-^IR5 0 0V, 700V, 200 V. 15 

5:40m A/ c m 2 , 5 0 A/ c m 2 . ^2 0 A/ c m 
2 . 3 O/i A/cm 2 ^^»:KlTSi|lfc 
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0 2 5 — 0 2 9 (^-fo 
[00 6 2] m2 5—m2 9\Z7jk-TU^M^h 

n htiti ftjfeo J: o ta-i tf— AmiE^ J: tM > b' 
oi;:^-t> D3 0(:^fiB»f)s kir\yyd- 

^ mee <^ ^ ^ >- tr- a mscgjg fi i^-rax ^ mm r x ^ ^ 

ii^Xt>^iIX&9. -f^^t'-AmJEfil 5 0 VJ^± 

t'fcot 7 o o v j: t>^^v>c kfc&mxfoy^ 

o x ty t'- A^TOSfi 2. 0 M A / c m 2 ^±{l 

[00 6 3] ^yt-At)E^3 0 0V; 

y t -^(Dti^S^ 4 0, /z A / c m 2 , -f^>t:*— ^ 
x^-^3 0 0 eVC^f U ^^-Vfc'-ACOAlt 
:£g£0S-6 5S^T^I!U-C#^ 0 3 B «^^Mit ; Lfc 
tfrfrj ^^^fe^S*^^^ (111) Jjfa<Dft 

x. mi 6{C7jk-t£?fj;m&m$:&tb, z.<Dm&mv)<¥ 

Bn^>> t°-^M:^(wX*:fefco 03 1 tc^-Tifg*^ ' 
^^->-t:'-AC0AW^^^5 0-6 o^^tSHX^ 

(C. ^^~>t # ~-^OAtt^S5:5 5-6 OSHt^r t 

" x. nm&m*2 s&Mm<Dm'hm-xzz^b i>wh. 
[00 6 4] mz. ffiria#JBS»iS±«wig 7 

^-y^h^LX, Y 0 T Ba u Cu 3 0 O 7 - x ^« 
IMi(7?rta^l,0- 6 h-;H:SEL, ildti/ 
fegl 9 3 nm<£>A r F L — if^rffii/^c 0 ■ : E:(^^. 4 0 

o 4 'cx6 om mm&m^izte\,^xm$dmi,tz 0 

■ ^^tt^^b^m^^is fflp. 5mm, I^lOc 
mCT)t)C0X^>5o 

[0 0 6 5] ; '^tt{t:«jiB«#»fl5:*»*P Bi^iaS 
^tt#««£?B«.©ay^«:fT*ofcie*. 9.0 
Kv 6S#^kS?^=5 0 0 0 0 0A/cm 2 ^U 

[0 0 6 6] 

^fp]5 OS— 6 OS^SX-r ty^- A^rRB^-T^co 

ffijjis* it c ttiBipjttJwjDx.r a #gar6]+4 <t b tiffir6]tt 
so 6 om^zzbx-ji\c&mcm&mfttiizm?Lz>zk 
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# turn-fa <&x\ *jeft»K*»fiR-r5jeA«[^att 

t btlilc*3lt5ffirtBlRltt3ft s A»-C.*>9, 
[0 0 6 7] *jes»Bto»5gNF^>f^^tr--A 

GQ@flc&g£2 0 MmA/cm 2 ^±^ U -ftyk- 
ixm/E^r 1 5 .0 VJ£Jt_h. j&»o v 7 0 0 V X V '>4 < i"S 10 

[0 0 6 8] ft^*«MJC«SKft»je«»ff - 

MIC. -<tyt-A(?)AltM^5 5-6 

■Mb»««»«*Sr»5itdS-e#5 0 30 
[0.0 6 9] ^es^ffll^KiS^o^^^tr-A 

^S«^20/imA/cm 2 WJ:i:U -frf-V'tT— 
AWESr.i 5 0<VEJLh. rt*o s 7 0 0 VJ: ? / >^< t5 

[0B<7)fif^4Sft^] ' 40 

[01] ai*i*»M*ft«wj:?)jg*StLfc#ies»K 

£^f*jS0x*>* o 

[02] m2tt&iiz.i*T&m&mm<Dm&igLk*<Dt£ 

[0 4] 0 4fi0 3iC^:-r^@^^^>'^cO-^^^:-r 

[0 5] H5i*Hi^-r*ji*»»a<o±fc»*s#Lfc 
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[06] H6ttH5l^-rK<k»ie«»«^lBft»^'f: 
[0 7] H7fi*Jgfi»J»±^»{l:*jB«»JlS:JKj«-*" 
[0 8] H8#i**MKB^te<o|llfi«IS:^1-»fiKHT* 

[09] m9i*.&&<Dmwx*mmktiit&i£&mik&7F 

[0io] 01 ote>f tyi^-AA«M5 5S> -f> 
^:7X£>60 

[01 1] hi li^tyt-MMMs -< 

yt-AM3 0 0V, >ftyt:'-Alj5JM2 0MA 
/ c m 2 XS*ig L£#fNMVflta x»HWrtt*S:^-r ^ 

[012 ] 0 1 2fi>f 2j-^tr— A^#t«ff 5 5S, 

>-tr— -k®£3 0 ovM tyt'-AtfiM4 0 ^ a 

/ c m 2 xmm. \.it&&&njBt<D xk^m^m^-r^ 

7-7X&&0 x 

[013] 01 3fi-f 5g; >r 
>- tr— a«jee 3 0 0v, ty't-^ifiM 7 0 > a 

7.7T*$>5 0 

[014] g]14|j:^tyt'-AAltM5 5g, -Y* 

yt-AiE3oov, -<tyt-AiSMiO/iA 

[01 5] Bl 5(Wtyt-MWM5 5S> "f ^~ 

yt-AiEsoov, ^tye- ^1SM2 0 ^ a 

[016] 01 6l^tyt-AAMftg5 5i; 4* 
yt c AiJE3 0 0V, -fat^lf— Amac?SS4 0 p. A 

[01 7] 01 7(i^tyi:-MlfM5 5g, >f 

^tr— ASEE3 0 ov; /ftyt-A«s;S7 0 M a* 

/^cm?^«iSLift#«*»BI«)«*H-C«>S. 
[018] 01 8 tt-f Ofi, 
yk'-AllE3 0 0V, >f ^-^fcT— ^m?5fc2 5mA<h 4 
5mAT*»iigLfc#i^S»ROX«llIWiS*^*t-^7 

[01 9] 0 1 9&4*^K'-J±A$ttft&9 Og, 
yt'-AtE5 0 0V, ^tyt-ixiSl5mA, 2 
5mA, 3 5mAX-81igUfc*ieS»IMwX»[elSrJe* 

[02 0] 0 2 0f*">f tyf- ^Att^S9 OS. 
yt-AlEE7 0 0V, ^^yt'-Aifi2 5mAX'S 
*Ufc*3B*»J«OXi»®^ilS*S:^-r^7 7T-«)5o 

[021] H2itt#i^fiaiB^att*3j:t/b«iiarpitt 
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[022] in 2 2 &mm£tiit&i&&mm<D on) 

[02 3] 0 2 3tt»iSSnfc#3Bfi»)K^ (3 11) , 
[02 4] 0 2 4*i»?,ttfc#i|**»l«<OlElteftffi5fi 
[02 5] H2 5fi^tyK'-^XWftS5 5fc -ftf- 
/ c m 2 T*§^ Ufc*«8*»«OX*lil«fje*S:^-r ^ 
[02 6] 02 5l^tye-MltM5 5S, 

yt-AiE7 0ov, ^tyt-iiWM4 0^A 

[02 7] 0 2 7tt>f zfrV'K'-^AlWIitS 5S, < 

yt-^iE2 0.ov, ^-^t'-^macSJSs.o /z A 

[02 8] 0 2 8l^^-ixt'-^A^S5 5g, * 

yt-AiE2 0ov, ^tyt'-AfS^S2 0/iA 20 
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[02 9] 0 2 9tt-<< tyf- AA&f£S5.5^ 

yt'-AtJiisov, >ftyt-AiS$S3 0/iA 

X c m 2 TSit Lfe*3ie*»Bt<DX««5|»r«*S:^-rr 
[03 0] 0'3 Qte-i Jr^V—M.WZte&Xf'i sf-^fc:*— 

[03 1] 0 3 m-f r^tf— J*<DX&j$&k%hinti 

1 i r S»'*/u^ 
3 —^*-l/;*f>\ 

2 o-tSAtt* 



2 2-»»8iS^ 




[0 5] 



23 











20 


20 




[13] 



[06]. 
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